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This raport was prapgaresd in accordancs ~ith tne Memorandum of Jnderszanging
dJetween the Jepartment of the Amy, Decuty for Envirsnment Safaty and
Jccupational Aealth” (CASA({I[&L)), and the U.S, Znvircnmental Protection Agency
(EPA), Office of Drinking water {ODW), Criteria and Standards OJivision, far
tne purpose of developing drinking water Healtn Advisoriss (HAs) for

selected environmental contaminants, as requested by the Army,

Health Advisories provide specific advice on the leavels of cantaminants in
drinking water at which adverse health effects would not be anticipated and

which include a margin of safety so as to protect the most sensitive members

of the population at risk. A Health Advisory provides health effacts yuidelines,
and analytical methods and recommends treatment techniques on a case-by-case basis.
Tnese advisories are normally prepared for One-day, 10-day, Longer-tam and
Lifetime exposure periods wnere availanle toxicological data permit, Thease
advisories do not condone the presence of cantaminants in drinking water; nor
ara they legally enforceable standards. They are not issued as official

i N . A fesimman ol ammda—al ema e e
reguiaticons and they may or may not iead to the issuance of national standards

or Maximum Contaminant Levels (MCLs).

The report is the product of the foregoing process. Available toxicolagical
1,3,5-triazine (RDX) have been reviewed and relevant findings are p;ééented in
this report in a manner so as to allow for an evaluation of the data without
continued reference to the primary documents., This report has been submittad
to critical internal and external review by the EPA,

A campanion document, “Data Deficiencies/Proolem Areas and Recommendations for
Additional Data Base Development for RDX" is included in this repor:,
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Health Effects 8ranch, and Or. Joseph Cotruvo, Director, Criteria and Standards
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of this project,
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IUMMARY

Hexanydro-1,3,5-trinitro-1,3,3-triazine, commonly xnown as R0X (3ritisn
code name for Research Department Explosive or Royal Demolition Explosive}, is
a wnite crystalline solid that nas been extensively used in military mupitions

formulations.

The phammacokinetic properties of RDX have been extensively studied in
rats. RDX was found to be completely absorbed via the oral route; the rgte
of absarption was reported to be a direct function of the particle size of-“
the powder in the slurry administered, The rate of qastrointestinal adsorption
was found to be faster in rats than in humans or minjature swine; in rats, peak
plasma levels were reached in 2 to 3 hours, whereas in swine and probably in
humans, plasma levels peaked approximately 12 nours after dosing. Absorbed ROX
is rapidly cleared from the plasma and distributed to tisﬂﬁes. The nalf-1ives
of clearanca of RDX from plasma.are of a similar order of magnitude in rats and
humans: the ti;p was found to be 10.1 hours in rats and 15.1 hours in the one

-

availadble human study. The ig

o

est RDX levels are found in the kxidneys, followed
by the levels in the iiver, brain, and heart., ROX is metabolized by the liver,
and 1ts metaboli

e

tes are excreted primarily in the urine. The metabolites have

not been identified or characterized.

In numans, the toxic effects of RDX nave been on the cantral nervous systam

{CNS). Exposure of workers in a munitions plant via inhalation‘or dust

-

-
‘i 8D b

il

ntaini

Cl

- L AW - - d omd 2 o o o e S mem maks 1 d om. P o L LY. Y -]
- ag R0A Ras rasulted ia nausea, irritability, convuisions, un 1 aUSNESS,

m

and amnesia., Military personnal have heen exposad to R0X wnile Surning

compos it

l‘t

ian

-4 axplosives in zne field to neat food; innalatian of Ine smoxe

resulted in clonic/tonic convulsions. Ingestion of A0X nas zausad similar CHS

af fects..
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mica and 113 my RDA/kg in rats., Intravencus administration of single dosas of

ADX to teagie doys causad convulsicns and deatn at a dose of 40 mg/ky, cantral
nervous systam nyperactivity and nonietnhal convulsions at a dose of 20 mg/«y,
and decreased blood pressure and erratic¢ electroencepnaiographic patterns at

doses of 3.37 and

(%]
4
o

mn/lkn
. --:, Ny

Subchronic 90-day feeding studies in mice and rats indicate ef facts on the
olood and liver. In mice of both saxes, increased liver weights were noted~in

groups receiving 320 mg RDX/kg/day, and anemia was seen in males receiving

- M ’

16U mg ROX/kg/day. In rats, anemia was observed at a dose level of 28 mg
ROX/ky/day in males, and increased liver weight was noted at a dose level of

100 mg RDX/ky/day in females. In a 1C-day oral

gavana studv in monksvs. vomitina
g X/ % gavage study 1n monkeys, voemiting

and convulsions were saen in five of six animals dosed wi @1 RDX at 10 mg/kg/day,
mg

BUut no centra1 nervous system effects were observed at 1 mg/kg/day.

Lifetime feeding studies in rats and mice produced CNS effects, increased
mortaiity, weight 1655, anemia, hepatotoxicity, renal toxicity, testicular
dageneration, and inflammation of the prostate., In male and female rats fed
RDX in the diet at a level to

fus a dailv intaka of 4D ma/kn
ve 3 datly intaxe ot a0 f 49

a tramars and
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convulsions, increased mortality, and enlargement of the liver were observed,
Anemia and enlargament of the kidneys accompanied by histologic changas werz
aiso found in males receiving 40 mg ROX/kg/day. Inflammation of tne prostate
#as found wnen ROX w;s administered at 1.3, 3, and 40 mg/xg/day; no affacts
wera notad at a dose of 0.3 mg/xg/day. When mica wera administarad
ROX/kg/day, increased mortality was seen w#itnin 10 weeks, The nigh 20s2 «as
reduced to 10U mg RDX/kg/day. [ecreasad weignt jain was saen in fama

recaiving LUy my RDX/ky/day Detween iU weeks postadministration and study

vii
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receiving ROX at LU0 my/<y/day, and testicular degeneration was found in

“mates receiving 35.or lUU mg/kg/aay; no important toxic affects were odsarvad

at 7 mg/xg/day.

ROX was not found to be mutagenic in bacteria and gave negative results in
tné dominant-lethal test ana in an unscheduled ONA synthesis assay. RODX was
not carcinogenic in rats. In B&C3F) mice, a significant increase was observed
in the combined-incidence of nepatocellular carcinomas and adenomas in femdies
receiving ROX at 7, 35, or 100 mg/kg/day for 2 years. Mortality in mice
receiving the highest dose was excessive, and the dose was lowered fram 175 to

100 mg/kg at week Ll. RDX is ciassified as Group C: Possiole Humen Carcincgen.

In a two-generation reproduction study in rats, decreased fertility was

observed at 50 mg ROX/kg/day. UOevelopmental affects (decﬁéased pup weignts)

were seen .at 16 and 50 mg RDX/kg/day; there were no effects at 5 myg/kg/day. ROX
was found to be embryotoxic in rats at 20 mg/ky/day but was not found to De
teratogenic. In a study in raboits, ROX caused maternal toxicity at 20 mg/xg/acay,

and there was sugyastive evidence for a teratogenic effect at 2 and 20 mg/kg/day.

Based on these findings and on the results of a 90-aday oral toxicity study
in monkeys where convulsions occurred in five of six animals administerea 10 |
mg RDX/kg/day but no CNS effects were seen in monkeys administered 1 mg/kg/day,
the Longer-term Heatth Advisory (HA) for a l0-kg ¢hild nas been determined T3
je 0.1 mgs/L (10O ag/L). In tne apsence of adequate animgi data to determine
a Une-day or Ten-day Mealtn Advisory, the Longer-term HA for a2 lQ-xy cnild, C.i
g/l (100 ug/L), is useg 2s 2 conservative e2stimata of tne Jdne-gay ocf Tan-ddy

4A, The Longer-term HA for an adult was estaolisned at 0,33 mg/L (100 u.y/L0.

A Lifetime HA of 0,002 mg/L (2 ng/L) for an adulit was determined 0dseq 0n 2

viii
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2ased on a Refarence Juse [R7D) of J.J03 mg/xg/day wnare tne 2ffact was
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suppurative inflammatian of the prostate of male rats fed RUX for 2 years.
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(Q0W), provides intaermation on the health effects, analytical methadclogy, and
ul usaful in dealing with thae cohtaminar*on

of drinking water, Health Advisories describe nonregulatory concentrations
) of drinking water contaminants at which adverse health effects would not he

anticipated to occur over specific exposure durations. Health Advisories

contain a margin of safety to protect sensitive members of the population.

Health Advisories serve as informal technical guidarce to assist Federal,
State, and local officials responsible for protecting public heaith when
‘emergency spills or contamination situations occcur. They ar? not to he

 construed as legally enforceable Federal standards, HAs arstubject to change

" new information becomes available,

HAs are develoged for One-day

il

, Longer-term (approximately 7

~ years, or 10% of an individual's lifetime}, and Lifetime exposures hased on
data describing noncarcinogeni¢ endpoints of toxicity. For those substances
that are known or probable human carcinogens, according to the Agency
classification scneme (Group A or B}, Lifetime HAs are not rzcommended., The
chemical concaentration values for Group A or B carcinogens ara corralated w7iin
carcinoyenic risk astimates by employing a cancar potency (unit risk) value
toyether with assumptions for-1ifetime exposura and the cansumption af ariacing
watar, The cancer unit risk s usuaily derivea from the li~ear mylzistage

gw=10se agtimata 2

model witn ¥%% upper confidenca limits, This pravides 3

cancar risx O humans that is cansiaered unlikely to pose 3 carcinogenic risy
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gurrant undgerstanaing of tne diolegical mechanisms ‘nvolvea in cancar 77 suggase
tnat any one of these models is abla to predict risk more accurately than
angther. Because each model is based upon differing assumptions, the esnimatas

that are derived can differ by several orders of magnitude.
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[I.. GEMERAL [NFURMATION

Hexanyara-i,3,3-trinitro-1,3,5-triazine (CAS No, 121-82-4}, an 2xpiosive
polynitramine, is commonly known as R0X (3ritish code name for Research

Department Explosive or Royal Demolitian Explosive).

RUX, a white crystalline solid, is a completely Nenitrated, six-memher
heterocyclic ring compound, It has been extensively used as a high-impact
explosive in military munitions formulations during and since World War 11,

RUX +s also used as a rat poison (ACGIH, 1986; Wincholz, 1983).

ROX is generally manufactured by the nitration of hexamethylene tatramine
(CgH12Ng). In the United States, RDX is mainly manufactursd at the Holston
Army Ammunition Plant using the continuous Bachmann process (Pal and Ryon,

' 1988}, This method involves the nitration of hexamine w1t£ ammoniym nitrata
“““ :“nd nitric acid in an acetic acid-acetic anhydride solvent (Sullivan et al.,

1979y,

General chemical and physical properties of RDX are presented in Taple
I1-1. ROX (molecular weight 222.26) has approximately 130% the explosive power
of trinitrotoluene {TNT)} (Sullivan et al., 1979). [t is considered a stable,
relatively insensitive explesive, and can be stored up to 10 months 3t 35°C
withgut perceptitie deterioration (Meyer,‘19?7; Pal and Ryon, 198A), The low
salupility of ROX in water (7.6 mg/L at 25°C and 1.3 g/L ar 33°C} indicares
znat much of the compound detactad n wastewater consists of undissalven

garticutates {Pal and Ryon, 1986). ROX preparations contaia approximatels 3

e ] T - 7 Lol-T ol o i - -
ro-1,3,5,7-tatranizro 3,5,7-tarr
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CAS No. | 121-32-4

Synanyas . Crclonite/Hexoyen
Cyclotrimetnylenatrinitramine
Hexahydro-1,3,5-trinitro-1,3,3-triazine

ZB;-Trimethylenetrinitramine
‘{43 ,5=Trinitrohexahydro-s-triazine
Molecular weignt 222.26
Empirical formula C3HgNg g
Chemical structure '
ytna .
LT
Physical state White crystalline solid-orthornombic crystal
Specific gravity 1.816 @ 20°C |
Melting point . 204.1°C : -
Heat of combustion 2,259 .4 cal/g . )
Solubility characteristics:
Water 0.00076% w/v @ 25°C (7.6 mg/L) to
' 42.3 mg/L (29°C) reported
Cyclohexanone 12.7% w/w @ 25°C
Cyclopentone 9.9% w/w @ 25°C
Acetone 8.3% w/w @ 25°C
Nitrobenzene . 1.5% w/w @ 25°C
Metnylisobutanyl. ketane 3.0% w/w @ 25°C
Methy lacetate 1.9% w/w 3 20°C
Acetic annydride 4.9% w/v 3 30°C
Convarsion factors (air} 1 ppm = 3,39 mg/m3
SOURCE: Adaptad from Hawley (1977); Small anc Rosamolatt 1871} Wisanoiz (1381
Sullivan et al, {1979); _.n1er (l 28,
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resptratory and gastrointestinal tracts an¢ by skin apsorption (Kaplan er al,,
1965; ACGIH, 1986.) Reports of toxicity ta humans were anecdotal and occurred
in the early 1940s in Italy and Germany. All incidents were probably attributadblea
to poor industrial hyyiene procedures and inadequate ventilation, which resulted
in contamination of workroom air with RDX dust. In one situation, no Furthé;
casas of toxicity were obsarved when Lemedia! protective measiuras were enforcad
(Kaplan et al,, 1965), No air monitoring sampiing was performed in the early
studies. Hathaway and Buck (1977) surveyed U.S. munitions plants between
1972 and 1974 and faund no adverse effects in workers with average R-hour
time-weighted exposures to ROX of 0.23 mg/m3 and maximum lepels up to 1.57
mg/m3. Exposure ta ROX in an occupational setting with standard hygiene

id warking procedures {(e.g., protectivedg1othing) is principally via airborne
dust. In limited geographical areas, humans may be potentially exposea to ROX

as an environmental contaminant,

ROX manufacturing operations such as recrystallization, dewataring, and

tncaorporation are primary sources of ROX in wastewatar, Lcad, assempble, and
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aperaticns as wasnhdown, axplosive melting, and reject warmead steam cleaning,
Thesa wastewatars could contaminate groundwater and guiic 2rinking watar

supplias (Sullivan 2t al,., 1973},

~asTewaters rasulting from manufacturs and loaaing of 274 nay se dischargen

inTa tne envirconment and may presant 2 potential for aguatic pellution, Sedment

-
—
—
]
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pecause seepayge into the groundwater may occur {(Etnier, 1936),




Tne anvironmenta) fate of RVX has deen thorougnly ~aviawed oy fZtniar (13381,

“in axjerimental studies on migration of [14CJROX in seils of various pH, texture,

and arganic mattar typically found in tne United Statas, RDX was associatesd

with downwa~d ovement and a very low leachate level (less than 0.5 ppm, wnich

was the level of detection). Biological degradation to 1%CQ, near tne surface of

the soil was also obsarved., RDX {s resistant to aerobic bacterial degradation

dm amdl Jmiim i o fa momde i =it @ rn i
in sgil. However, in activated sludye systems, 97% of /L solution of ROX

was deygraded in 5 days. Bacterial degradation results in r~eduction to monc-,
di-, and tri-nit~oso de~ivatives, in r~eduction to a triazine, and in nydrolytic
cleavaye of tne triazine, Formaldehyde, methanol,-and COy are end products.
Pnatolysis ~apidly degrades ROX. Volatilization is not significant in the
environmental fate of RDX., Sediment absorption will not lead to a significant

. . ¢
loss in the aquatic environment.
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- A, ASSURPTION

A dose, Dy gavage, of a slurry of coarse granular A0X did not cause

canvulsions in 10 Sprague-Oawley rats administered 100 mg/kg, whereas a gavage

dose of a slurry of finely g £ caused convulsions in ali 10 rats 2 hour

i

after dosing at a level of 50 mg/kg. Measured particle sizes were not reported.
The plasma concentration, 24 hours after dosing with the coarser ROX, was

3.04 ug/mL, whereas it was 4.7 ug/mL 24 hours after the smaller dose af |

finely ground RDX was administered. The LDgy value }or the slurry of finely
ground ROX was eguivalent to that of a dimethyisulfoxide (OMSQO) solution of RUX
(Schneider et al., 1977). In preliminary studies with individual rats arally
given a single 50-mg/kg dose of [13CIRDX in UMSO, 33% of the administered
radioactivity was found in the gut after 4 nours, 39.3% Wgs found after 24 nours,

and only 2.1% was found after 48 hours. Only ! or 2% of the dose was found in

the feces at 24 ar 43 nours (Schneider et al., 1976).

Cholakis et al. (1980) dosed mice, by aral gavage, with much nigner
concentrations of ROX. ODeath occurrad within 5 to 10 minutes at doses of 180,
225, and 350 my/kg and within 30 minutes following a l40-mg/kg dose, indicating
rapid absorption. from data of Schneider et al. (1377}, 1; can be estimatad

that death would occur at plasma Tevels of abcut 14 uyg/mL.

e

Absorption was siower in miniature swine than in rats, The peak leveal
(3.7 wg/mL) was found in the plasma of swine 24 nours aftar a L0Q-mg/kg dos2
of finely ground RUXA. Schneider et al., (1977) suggested tnat <ne rat2 af
apsorotion via tne gut in numans may De more comparadle %3 tne rata in swing,

necausa tne latent periog preceding ROX convulsions in numans (Stone et ai.,

=1

™,
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Schneider et al. {1977, 1978) studied the tissue distribution, metabeolism,
and excretion of RDX in rats after single doses administered via parenteral and
oral routes and after multiple oral doses. Ten Sprague-Dawley rats (both sexes)
received a single intraperitoneal (ip) dose of 300 mg ROX/kg. Eight of tne 10
rats died within 6 nours after experiencing severe clonic-tonic convulsions,

The twe rats that survived were sacrificed at 3.5 and 8.3 nours The maan RDX

¥ L= o L = L] LRSI 3 L]

plasma level (+ SE) for all rats was 13.3x2.86 ug/g. The ratio of tissue
concentration to plasma concentration was approximately 4.8 for kidgney, 3.3 for
liver, and 2.3 for heart or drain tissue. Two hours afEFr an ip dose of 50 mg
ROX/kg, the plasma level was l.1 ug/g, and the tissue~t§-plasma ratigs for

kidney, liver, heart, and brain tissue were 3.8, 5.7, 2.6, and 3.4, respectively.

No convulsions were observed at the lower dose (Schneider et al., 1977).

' After_intravenous injection of 5 to 6 mg RDX/kg in 10 rats, there was a
biphasic disappearance from the plasma. The haif-iife of the distridbution pnase
was §.3220.18 minutes, tne elimination phase nad -a n3lf-life of 10.120,32
nours, and the apparent volume of distribution was 2.13 L/k3 (Scnneider et al.,
1877}, This nigh apparent volume of A1stribution may indicate significant vinding

Lo tissue. -

The tissue distrizution and RDA levels in the urine and plasma of rats ac
various times aftar an oral dose of LOU mg coarse granular RUX/Xg are snown i1
Tanle V-1, Tissues were nomogenized and extracted witn benzane, and <0X was

juantitated following gas cnrcmatograpny with electron capture deteciion. The




TaDie v-L. Meadn Tz 32 <U& lsncentration in Piasma, Jrine, 2and
Tissues of Rats at VYarious Times After Jral Agmiaistratio
of 10U mg RUX/xgd

—
Time Plasma Urine drain Heart Liver Kianay
(hr) (»g/g)° (ug/mL) (ny/g) {u9/3) (ng/g) (sg/g!
2 1.5020.26 2.45:20.30 10.36:1.24 7.97£1.11 4,3420.90 12.36=1.40
4 2.0920.09 5.46z0,96 7.71£0.98 6.49£0.96 2.16%0.5%6 12.30x1.3¢2
5 1.78=4.15 5.02:0.81 7.51:0;57 7.1320,71 0.51£0.34 "13.58=1.37
3 2.3620.22 7.31=0.85 5,57%20.67 3.82:20.52 0.1%=0.13 10,90=20.36
12 2.26%0.16 5.4921.03 11.28£1.60 11,081,382 8.5122.24 22,02=2.35
18 2.0320.10 5.9820.28 6.3020.20 3.5822.2¢ 0.48%0.20 12.1220.43
24 3.0420.48 6.8720.84 8.9121.07 7.89:z0.83 2.56z1.1% 16.35=u0.80

3Rats were fasted 24 hours prier to dosing. '
PConversion factor (micrograms per milliliter to m1crograms per gram wet
weight) = 0.9737.

SQURCE: Adapted from Schneider et al. (1977).
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Tiyar tissue.

Tissue 1evels.after oral dosing of rats with Su my/xg finely sowered
[14C]ROX were also studied (Schneider et al., 1977). A time course of tissue
concentrations was not presented. Concentrations of tissue radioactivity 24 ’
hours after a gavage dose of 50 mg [14CIRDX (finely powered material) were
compared with a study using 100 mg of coarse granular ROX. It was assumed that
all radioactivity was associated with RDX, and guantitaticn was accomplished by
dividing the amount of radioactivity of tissue by tne specific radicactivity of
the administered R0X. No correspondence was observed detween the 24-nour
tissue levels in this experiment and tnose determined after gas-chrematogragnic

adicactive dose. Since it has been shown

[14]

guantitation of tnhe 10U-mg/ky nonr
that E14C]RDX is metabolized torl4C02, it is conceivanlewmhat labeled activated
gments are biosynthetically converted to tissue components

gne=garpon fra

{schneider et al., 1977), thereby causing the apparent discrepancy.

Ten female miniature swine (21 to 60 kg) were fasted for a day and tnen
administered 100 mg ROX/kg by oral gavage; four convulsed and two died at 22
nours. Fiasma ROX concentrations reached about 1.8 wg/mb 1 nour after dosing;
the level {(measured at 30-minute intervals) remained fairly constant over
6 hours, then increased to 4.7 ug/mL prior to sacrifice at 24 nours postdosing.
Tissue concentranions‘at 24 nhours are snown in Table V-2, Mo marked accumuiaticn
of DX was found 1;-any tissue, excent stomach and colan, wnen comparsad Lo

plasma lavels. Tnis result is in contrast to tnat foung 7or rats {Scnneider 2t

al., 1977). A time course of tissue radicactivity was not availacle for swine.
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Tissues of Miniature Swine 23 Hours Aftar Jra
af LU0 mg ROX/xy

RDX
Tissue concentrationd
Brain 7.0£1.9 (10)0
Heart 5.3x1.4 (10)
Liver 4.,4:£1,7 (10)
Renal cortex 9.124.3 (10)
Renal medulia 5.6x1.8 (10)
Spinal colon 18.7=11.0 (86)
stomacn 42.,5=14.4 (6)
Fat - 3.722.6 (9)
Feces 2.%£0.6 (8)
Plasma 4,7£2.1 (3)
Urine 3.6z1.1 (9)

aTigsue ROX concentrations are expressed in micrograms per gram of wet weight.
Urine and plasma RDX are expressed in microygrams per miFliliter.
BThe number of animals sampled is in parentheses.

SOURCE: Adapted from Schneider et al., (1977).
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Sprague-dawley rats (botn saxes) were zrovided with grinking water spixed ~itln
- {13CT RDX (90 to 70 ug/mL containing 7 to 18 .Ci/mL). Based on measurad
water consumption, the daily intake of ROX was between 5 and 3 mg/Xy. Groups

of six rats were sacrificed at 30, 60, and 90 days to determine tissue distrioution

] a1 _.

and body burden of ROX. Data for tissue levels are summarized i V-3,
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No accumulation of ROX was found in any of thRe tissues examined after 90 days;

the lavals in fat and brain tended to be slightly higher than those in other

tissues, No overt toxic signs were reported.

In another 30-day study, 30 rats were administered, Dy gavage, 20 my
ROX/kg/day. Tissues were collected from groups of 10 animals sacrificed at
30, 60, and 90 days postdosing. [n the brain, neart, liver, and kidney tissues,

" the RDX levels increased only sligntly from 30 to 90 dayg. The mean tissue

’.rf

lavels at 90 days {estimated from a bar graph
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ware approximately 10 wug/yg for
brain, heart, liver, and kidneys. Tne RDX level in fat was 7 to 8 wyg/g dry
weignt at 30 and 60 days, and increased to approximately 20 .g/g ¢ry weignt at

90 days (Schneider et al., 1978).

In a 90-day study, groups of six Sprague-Oawiey rats {(both sexas) wera
provided with drinking water spiked with R0X (30 to 70 ug/mL containing 7
to 8 uCi/mL [L4CIROX). At weeks 1, 4, 8, and 13, ragiocactivity in exnaled
‘14302, as well as in urine and faces, was determined. 1ihe reasuizs 2xprassad as

‘percent of acministered daily dosa are gresentad in Table Y-4, Ffrom 27 to

oo

oA
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of a daily dose was metabolized ts *7CO, and ex naled, 22 o 35% was aexcretaa in

tne urine, and 4 to 94 was axcrerted in the faces, The nature of tne urinary inz
/ fecal radicactivity was not investigatsd. Some variapility in recovery, wnicn

~anged fram 34 to 39% (Schneider 2t al., 1373), was oosarved.

V-6




Tag. 2 4=3. RUA loncentration oF Tissuss From Rats

Provideg 4itn Drinking water Spixad witn

TLIC] ROX (30 to 70 .y R0X/AL) at 30,

6d, and 90 Tays

RUX concentrations (.g/g)

30 days 60 days 90 days
Brain 0.59%0,314 0.40=0.23 0.6520.15
Heart 0.8420.67 0.20£0,09 0.45=0.0Q7
Liver 0.80x0.64 0.09£0.04 0.20x0.08
Kidney 0.3020,14 0.1220.04 0.47£0,11
Stomach 0.13£0.06 0.11z0.05 J,35:20.08
Colon 0.2720.14 0.11£0.04 0.40=0.10
Fat NDO ND 0.57=0.04

4Tne values are mean = SE for six rats for each
determination.
OND = Not determined.

SUURCE :

Y=

Adapted from Schneider et al. (1978f.
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Percent of administersd daily dosed
Tot al
Waek of Exhaled recavery
study €02 Urine Feces (%)
1 35.422,7 35.322.5 4,0£0.8 74,7
4 34.822.0 24.621.6 4.020.3 63.4
8 50.5£3.9 33.7£1.3 8.3z0.3 89.4
13 27.4z0.8 22.221,5 4.3:£0.8 53.9

a Mean + SE.

SOURCE: Adapted from Schneider et al., (1978).
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rl4CIROX dissolved in IMSO. Tne percent of radiodctivity recoveres in axnaleg
CJdz, . urine, and feces was 38.9=3.3, 33.822.3, and 4.3:0.3, respectively,
rotal recovery was 77.3% of tne daily administered radioactivity (Scnneicer et

al., 1978).

The urinary metabolites of ROX nave not been identified. However, less
tnan 3% of a single dose of 50 mg/ky is excreted in the urine unchanged {Scnneider
et al., 1977). The residual RDX remaining in the carcass 4 days after a sihyie
dose was 0.30z0.05 ny/g, wnich corresponds to U.6% of the ariginal aagse.
Howaver, when radioactivity was used to monitor residues in tne carcass after 3
days, 9.5=0.03% of the radifoactivity was found. This would suggést tnat
metabolitas sucn as bSicarponate and formaldenyde or formate (one=-Cardun fragments)

may be diosynthetically incorporated into the tissues of %ﬁe rats.

-

One study was found in which rates of excretion were determined in numans
(Woody et al., 1988). A l-year-gld cniid weighing 14,3 kg ingested pellets af
composition C-4 {91% RDX). The peak ROX cancentration in serum was 10.7¢ mg/L

at 24 nours and dropped to 3.56 and 0.66 mg/L at 48 and 96 nours, respectively.
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Jisappearance of ROXA from serum
a half-life of L5,U6 hburs. The concentration in the cerebrospinal fluid (CSF)

, giving a ratio of 0.3832 for C3F:serum. The rate of
facal excretion was slower thén the rate of urinary axcretion; peax facal
concentrations (4.:§ mg/3) were reached 4at 36 nhours comparsd w~itn 43 ncurs for
Jgeak urine concentrations (33.3 mg/L)., Using an assumed value 2T 2.2 L/<3 7ar
volume of distridution, it was estimated tnat a total of 1.23 g nad Sean inyesteq

(34 mg/kg).

V=3
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. AUMANS .

”Chronic ROX expaosure via the innalation route has been characterized in
munitions workers by ep§1egtif0rm seizures (convulsions) énd uncansciousness
(Ryon et al., 1984). These convulsions may be preceded hy insomnia,
restlessness, and irritability, and they may be followed by temparary amnesta
and disorientation, Convulsions have been reported primarily from exposure *o

the powdered form of RDX; complete recovery has been found to oaccur upon remgval

from expaosurs.

Kaplan et al., (1965) reported five case nistories involving convulsinng

or unconsciousness among 26 employees in an explosives plant that was processing

;
ROX. These cases occurred within 3 months of startup of Rdﬁ-processing

1erations. There were few prewarning symptoms; scme workers had short periods
of headache; dizziness, nausea, or vomiting., Two convulsed and became unconscions
wnile working, One to saveral hours after leaving work, three others became

unconscious without experiencing convulsions., These individuals were hospitalized
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day. No a
observed in blood counts or urinalyses, and no symptams other than CNS =ffacts
were nated. Workars were exposed to finely gcowdered ROX dust, and absorption
#3s pronadly orimarily via inhalation, When nygi=nic measuras wers taken ‘n
the plant, no further adverse affacts were seen, Xaojan 2t 31, [1965) ci<ed
gravigusty raogortad cases fnvolving irgustrial 2xposura 2o A %n Aussia,

{zaly, anc Germany that resulted in anilgotiforn symontoms and Uncanscicusness.,

<artal dnc Hughes (1972) repor=ad <} cases 2f DX Fatoxicatian n 1S,

=

i

yldiers *n Vietpam, [a these casas, exposure was primarily 473 fnnalatisn sinc¢
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field. Composition C-4 containad J1% RDX, 2.1% polyisooutylene, 2,1% =otor
0il, and 3.3% sepacgate (a plasticizer). The patients snowed symptoms of LS
toxicity ranging from confusion %o muitiple seizuras followed by amneasia.

Most patients (8d%) experiaenced frequent nausea and vomiting. Three patients
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convulsions that occurred from 24 to 38 hours after nospitalization., Phenytoin
did not control tne convulsions, but phenobarbital controlled myoclonic acEivity.
Electroencephalograms (EEGs) were performed on 18 patients. EEGs perfcrméé at
the time of convulsions showed bilateral synchronous spike and wave complaxes {2
ta 3/second) on the frontal areas; there was also diffuse slow wave activity.
gight days later, spike and wave complexes were absent, but the slow fraguency

background rhytnm persisted. EEGS usually normalized witnin 1 to 3 months,
¥
Hollander and Colbach (1963) also reported five cases of convuisions in

which soldiers burning composition C-4 to heat food in the fieid werae exposead

to RDX or its ccmbustion products.

. Systemic intoxication was not found at a World War [I mumnitions plant tnat
employed a closed system of production. However, primary irritation and

sensitization dermatitis of the face and eyelids occurred in workers exposad to
production-rel ated fumes. Patch testing with solid RUX failed to prbduce tocal

skin reactions; the irritation and dermatitis exparienced were dgatarminag t3 52

—

related to an unidentified component in the fumes (Sunderman, 1944, as cited in

Rycn at al,, 1384),

ck (13477) conductea a study of 33 munitions plant sQreers

conductad a study of munitions ol

Hatn
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av and 3,
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axposed Co ROX ana AMX; 69 workers were exposed To orimarily =D&, Tne worears

~ere evaluateg “or apnormalities of zne nematologic, negpatic, and ranal systams

V12 ~




HMX was not per~formed., E£xposumes ~inged f~om undetactaoie to 1.37 my R0X/m3
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canducted ‘ntar~mittently for saver~al nours over 31 5S-week. period; sampling of
witn a mean gecactanle exposure of .28 mg RD&/m3 . Duration of occcupational
exposuras was not r~eported. Resulits of the fluorescent antinuclear antibody
tast, wnich had previously been usad to demonstrate evidence of autoimmune
disease (systemic Jupus erythematosus or SLE), were found to be higher~ in the
nonexpased controls (3.5%) than in the RDX-exposed employees (2.2%). Results
of otner blood chemist~y and nematoloygical tests were found to be similar |
Jetween controls and ROX-exposed workers. The autho~s concluded that medical
testing of RDX-axposed workers failed to ~eveal evidence of adverse health

affects for exposures up to 1.57 mg ROX/m3, Three cases of SLE previously

found at one ammunition plant were reported to be unrelated to RDX exposure,

Stone et al, {1969) presented case reports on four mi%itary per~sgnnel wno
‘ngested from 25 to 180 g of C-4 plastic explosive (S1% RDX). A1l were admitted
to the hospital because of generalized convulsions. Between convuisions, the
state of consciousness of the patients var~ied from coma to lethargy. Symptoms
included muscular twitching, nyperactive reflexes, headaches, nauses, vomiting,
nematuria, low-grade fever, and loss of memory. Although sesrum glutamic-
oxaloacetic transaminase was elevatad, tnera were no adbnormal findings *n If;E’
function tests, and liver biopsies appearad normal., Kidney biopsies did nrot
~aveal any pe-~manent-nistologic change. Recovery of mental capacity was compi=te

afte~ 1 to 2 morths., No fatalities ~esuited.

Knepsnialaq and Store (1972) r~agortad six cases of R0X frtaxication In 1.3,

soldiars n Yiatnam wng fnuestad unreoer~ted cancent-~ations of composition L4,

All satients exnibiteg symptoms of CNS toxicity including convulsicns [10U%,,



cama (97%), disarierntatign ang canfusion, Menmil zZagacities wara raportad 72

ngrmalize witnin one 10 Two montns, MNeuromuscular freizaniiicy [muscutan
twizching}, gastrofntastinal symptoms, hematuria and faver atazed with'n
forty-aignt nours of ingestion, Bifrontal headaches, occurring in 50% of the

mariante
ygbicllh.}

¥

. The ingestion of larger concantratiaong
of ROX wére reported to produce extended periods of mental confusion and anamia.
Similarly, Merrill (1968) reported case studies on two military persgnnel who
ingested unreported concentrations of composition C-4., Symptoms of CNS tox‘c?ty
{nyperirritability, muscle twitching, convuisions, mental corfusion and amnastal,
renal camage (oliguria, hematuria, elevatad BUN) and hepatic ‘nvolvement normal i zed

witnin 10 qays of ingestion,

Woody et al. (1985, 1986) reported a case of a 3-year-q}d, 14,7-kg child whn
was hospitalized in status epilepticus. It was determined fhat tne child rad
ingested pellets of plasticized ROX explosive, The child's mother worked in a
munitions plant, and clumps of the explosive had adhered to her DOOLs and
clothing, B8lood, uring, and stool samples were taken serially, and samples of
cerebrospinal fluid (CSF) were analyzed. CAT scans of the head were normal,

An £EG revealed no evidence of epilentiform activity; however, it showea diffysea
wave slowing, oredeminantly in the accipital regions. Hematz'ngy oérampters

and urinary function were normal, Serum glutamic-oxaloacet?: Eransam*nase
increased from an inifial value of 46 U to 60 [U a3t 24 nours., Other sarum

cremistry parameters were normai. Tne CSF snowed stignf ing=zises fa grote’

and glucose comgarea with normal values, The level of RDX ‘-~ wme ISF 2t 2-
agurs, measuyrseq Dy nign pressure liguid chromata
comparad witn 10,74 mg/L for serum, [T was 2stimatag fmhat -2 amount Sagastan
was 1.23 g (34.32 mg/kyg). See Craprter Y, Pharmacoxinetics, “ir discussion c“

acss astimationr,
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l. Short=rerm Sxpnsure

4. Acute

The acute oral Lbgg values for ROX in mice and rats range from 59 to 97 mg/«g
and from 71 to 300 mg/kg, respectively (Table VI-1). Schneider et al. (1977)
reported that the acute oral LDgg value for RDX depends on its physical faorm ard
on tne methcds used to suspend or dissalve ROX. A single oral administration
of 100 mg RDX/xy in a coarse granular preparaticn did not ¥nduce convulsions in
Sprague-Dawiey rats., However, when lU rafs received, by gavage, a 50-7g/kg
dose of finely powdered RDX in a stanle saiine slurry, all rats experienced

canvulsions and 2 died. The LOgy value of either the finely zowderad R0X in

a2 saline slurry or DMSQ solution was 100 mg/kg, whereas the LDgg value of the

1
coarse granular RDX was approximately 300 mg/kg.

Cholakis et al. (1980) conducted single-dose oral toxicity studies in male
and female 86C3Fy mice and Fischer 344 rats. ROX was suspended in a 1% mefthyl-

cellulose and 1% Tween-30 mixture in water and administered, by gavage, to

Y=Y

roups of five male and five female mice at doses of 60, 100, 140, 180, 225, or
350 mg/kg dody weight (bw). Groups of 10 male and 10 female rats recefved oral
daeses of 10U, 125, 15U, 180, 200, or 250 mg/kxg ow of RDX suspended ¥n 1% metnyla-
celluiose in watar. The dosing volume was 20 mL/%g, and all surviving anima’s
were obsarved daily for 13 days. The ROX used ‘n the stuady ~a&s conTiminatad
witn 9% HMX,

[n mica, death occurrad wizthin %5 to 1J n*nu:es pastdosing an tre 130
and 350-mg/<g lavels., Witnin 30 aitrutes, 50 and 30% mornalizy accurrast 2t Tna2

+

1JU- ang 1dU.mg/kg Adose levels, raspectively. AT the lgwest Zose (50 =g/ /¢3!,

P

‘rg2 mice diad on day 10 of zne stuay. Tress animals exnintiad centrad tervnus



Specias 3tratn 8% 3uta ianicy 2 G, <3 Jatarange
Mqusea Swiss-wenstear “ Jral Zarn Q1 <72 it a |
) 1. [
F a8
{3-1 )

Mouse 36C3F) M Cral ‘Methyl- 97.2:28.7 Cholaxis =t’
cellulose (81.6-115.3) al, (1930
‘Tween=-3U ’

F 58.9226.4
(24.8-139.5)
Combined 80.3£9.6
(59.3-99.2)
Mouse --D .- Intra- OMSO 18.71
venaus (15,66-22.24) chaﬂara 2z
al, (13974
Rat Sprague=-Dawl ey M Oral Corn qil 71
{56=-85) Ditlay et
al. (1378)
F 71
' {50-75)

Rat Sprague-Dawley  M/FC Oral OMSO or ¢ Scnneiger ot
saline 100 al. (1977
siurry “)

Rat Sprague-Uawley M/F Oral Coarse - 300

- powder
Rat Fischer 344 " Oral Methyl - 119.0=4.5 Cholakis et
cellulose {l1J.4-128.3)32 al. (1920)
F 8.7z4.3
(108.0-128.9)
Combined 118.1=2.3
(111.8-124.1)
Rat - - Oral Gum acacia 200* ion
Jetiingan 2t
- al, L3743
Guinea oig - - Intra-  OMSU 291 4 Mchamara et
Vanous (20.3-31.0) EH N

3951 conficence limits.
O)ata not reportad.
Cgstimated LUg, for male or famals,

*Aguraximata minimum lathal dose.



i

4

Lam ng It

Nl

P ]
-

<)
‘
-
f
1
1
¥
)
1t}
(¥ 1]
+
]
1
3
3
+
L
¥
]
™
[}
b
)
14
W

ang clomic/zanic canvulsiong arior 22 death. {n razs, 311 <me animals recatving

un

me 13G-, ldu=, ana 250-mg/kg dnses, and $5% of tnese racaiving tre 200-mg/%g
gose, diad within 2 %o 3 nours postadministration; the mortality rats was 70

arrd 9% for rats at the 129~ and 100-mg/kg levels, respectively, Rats aiso
exnibited central nervous system effects such as gasping/labored breathiag and
canvulsions. [n both species, there were ng apparent sex differences in response
to RO

administration, and gross necropsy did not revaal treatment-related

changes in any tissues.

Von Qettingen et al, (1949) studied the acute toxicity of RDX in rats
{strain and sex not specified). ROX was administared as a 1 to 4% suspension
. t e A e m = ~E L oma th mmda MNmmma Aaldama A mamanAd Fram P28 +a AN
In gum acacrd To groups o7 23 L0 Lo Fala. Uoses dgitvered rangsqa vrom <3 Lo D

mg ROX/kg. The authors established an approximate minimum &ethal dose (MLNgy)

(&)
i Y

E AU ma
U0 mg/

French et al, (1978) observed ultrastructural changes in the liver and
kidneys of rats following a single oral dose of 100 mg RDX/xg., The Tiver and

kidneys were examined 24, 48, and 120 nhours postdosing., ESxamination at 24
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mitachondrial swelling, and the presence of concentric membrane arrays., [n the
kidneys, changes were confined to the distal convolutad tudbular cells; no
consistent altarations were observed in the glomerular celle, proximal convalyzan
tubultar cells, or ché_coIIac:ing tubular c2lls. Az 33 nours, =ne liyar showed
srglifaration of the smocth endcolasmic reticulum [SER); necazacyte 3ltarat’ans

ot

were similar and of tne same magnitude, No consistant chan

)

23 wara angaryaed in
the <igneys, At 120 nours, the nNepatocyte altarations jersistad ana SEX2
sralifaration fagra2ased; no Ionsistent cnanges wer2 absarvea 0 Ire <faneys,

ne minimal and transient effact of R34 in the xiagnevs, and the Jerstisftance o7

4

Yle7
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LAIIL, T 31137317008 and 2roitie~alian oF fne 324, inagfcacte 4 zossic.2 TngucTtaon
af tre mixea function agxidase (MFJ) systam. However, ng data on MFD iavels

were prasanted.

In a study witn doys (breed and sex not reported), oral administration Oy

v

P R Y Timed W BNy
r 15 mg of ROX/ AR tf any, cnan

un
Cr

- om . o rm oy
Y wduoagu T

animals' olood pressure, respiratory rate, minute volume, and spinal fluid

McNamara et al., (1974) investigated the toxicity of RDX after intraverous
(*v) dosing in mice, guinea gigs {st~ain and sex not specified), ang deagle

dogs. LOgp values are presented in Table VI-1,

Beagles were injectad intravenously with solutions containing 33% DX in

OMSQ, 7.5% in cyclohexanone, and 5.4% in acetone {w/v) in %ing]e dosas of 0.12%

mt/kg. Two dogs dosed at 40 mg RDX/kg in DMSQ exnibited subconvulsive jerking, \
twitching, and convulsions 15 to 30 minutes after dosing; both dogs died within

30 minutes. The convulsions were cyclic, and dogs exhibited inadequata respiratory
movements, decreased blood pressure {BP), and a flat line on the EEG. When
administer ibit

na At o
A 4 -

kg, cna deg CNS hy

w n
M - T [R5

T 20 my/ gractivity within

15 seconds after dosing and hyperreflexia for 1 hour; the other dog convulsed
within 90 seconds and did not recove~ until 16 nou~s later., Doygs given 4.7 or
9.4 my ROX/xy in cyclonexanone showed marked decrease in 3P, cardiac arrmast,
~aspir~atory inhinit on, and low-frequency ZI5 discharye, 0Dogs w~er2 samicomatose
LQ comatasa, eyes «er~2 dilated, and the pain snrasnhold was 2levatag., Joys
given 3,37 or 6.73 my RDX/%3 in acatore showed decreasad 2P ind ermatic IIG
disturnancas (Mchamara at al,, 1574). The LiwesT Observed Agverse z77act Lavel
(LJAEL) for tnis study w~as 3.37 mg/xg; a Mo Ubsa~ved Adversa ffact Laval

{NUAEL) was nct estanlisned.
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LAP (Toad, assemble, 0dck; tunition plant wastawater mixture of a=i

it a ratio of 1:0.92. A pnotalyzed mixture containing Lu% UL and J.32% a=7017

Jy weight, was designatad LAP(}). The dose lavels ranged from 234 o 1190
my/ky and 173 to 1730 mg/kg for Sprague-Oawley rats and Swiss-Wedster mice
aaministered LAP, respectively, and 25U to lOUU'mg/kg for Swiss-wébster mice
administered LAP(1); these LAP mixtures were dispersed uniformly in corn oil.

The single~dose oral LDggs for LAP were 947 (95% C.l1. 707-1090) and L1130 (35% C.I.
946-134U) my/kg in male and female mice, respectively, and 574 (95% C.I. 432-853)
and 594 {9%% C.I. 502-678) mg/kg in male and female rats, respectively. Al!

deaths occurred witnin 24 nours of dosing; many animals exnibited ayyressive
benavior, depressed activity and discolored urine and many of tnose dosed at >

790 mg/ky axhibited convulsions pricr to death. Longer dispersion periods

during preparation of the mixture lowered the LDysgs presymaply because of increased

£ N
]

KR R i ‘ 3
Gis30:1UTIaNn O to be the more Lox1

O

E‘A‘
LAP(1) were 585 (95% C.l. 472-680) and 684 (95% C.I. 568-841) my/kg for male

o [wr]
1

and female mice, respectively. eaths occurred between (.5 and 1 hour of

dosing; animals exnibited convulsions, squeaiing, degressed activity, and

discolored urine.

Surague-Dawley rats, Swiss-Webster mice and beagle dogs were treated in 2

+ad Amen - e -
rapeated dose expasure s of 5 male and 3 famale neagle dogs were

20sed with gelatin capsules containing O, C.5, 5.0 or 30 my LAP/xg/day. Seversl
11 gh~-dose males ex;;bited convulsions following the sa2cond dose; ane gqeatn
rasultad., Deprassed body weignt, depressed food intaka, anemia ang al:ekati:ns
ia spleen (nemosiderasis), liver (nepatomegaly), and testas {atropny} wersa

axninited at tne nign dosa. Tne LOEL was 3.J mg/<g/day npasad on sijns of

anemi a; tne NOEL was 0.9 myg/kg/day. Uroups of 20 male and 20 famal2 rats ere
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traated in the same manner with an acdaitional group 2osed at 0.2%% LiP, Tha
comgound-rel atad affects exnioited in rats and mice were similar t3 tnoss2 foun
1nmdogs with the addition of uterine nypoplasia exninited in female rats.
Discolored urine, depressed activity and several biochemical changes were
exnibited in all species. The NOEL for rats was 3.6 mg LAP/kg/day and that of
mice was 3.3 mg LAP/kg/day, the lowest doses tested. A d-week study in whicn
irradiated LAP{1l) was fed to rats at dosages of 0.003, 0.03 or 0.3% in the diet

indicated that the irradiated mixture was less toxic¢ than tne unirradiated

mixtura.

b. Primary irritation and sensitization

In an acute dermal toxicity study, groups of five male ang five female New
Zealand albino rabbits received a single dermal application of 2 g RUX/kyg in 1%
carboxymethylcellulose solution; five additional males were retested. Animals

were observed for 14 days; the toxicological endpoints included Dody weiynt

. mmiim e [ A Q - i ini i
measurements (o 8, and 15) and observations of clinical signs -and

ys 1, 3, 1
mortality. Except for a siight, transient loss in body weight, nc othe;

signs of toxicity were observed. Two males died on days 3 and 9; nowever, the
cayse of death (Tyzzer's disease) was unrelated to treatment. [n the groupg ef

five retestaed males, thers were no mortalities (Furedi-Machacex at al., L334},

McNamara et al. (1974) studied tne acute cermal toxicity of 0X {suspencad
in tnree so

oeayles. RCX was dissoived in uMsd, cyclohexanone, and acatone at zoncentriticns

of 33, 7.

o

. and 5.4% {(w/v), respectivaly,

in 2 single-cose stuady, L mL of 2acn mixture was appiiag to tne snavac

Dacks of six rapoits; controis racaivad 1 Ak of tha solvent algne, All. aning!

1110
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s0garvag Tie o laia T AmtiaUTan Gng X$TEMIC Tax1oC iy Yo 10 Iavs. 3eoica
samples Irawn from eacn rapoit (fime not speciti ) #erz-andiyzed: for Lne
N f3llowing parameters: red olood call count, wniza >looc call count, namatocrit,
nemoylobin, alkaline pnospnatase, sarum glutamic-oxaloacetic transaminasa {5GUT)

blood urea nitrogen, creatinine, sodium, potassium, cnloride, and cardon dicxide.

Two treated rabbits and one control rabbit were sacrificed at

——
o
c

-
LW
[u s

and 30 days after dosing for patnological evaluation., Topical applications of
ROX in the tnree solvents did not cause skin irritation, deaths, systemic
toxicity, or changes in any of the nematologic and bDlood chamistry paranetérs
in treated rapoits. However, dermatitis was ooserved nistologically in raboits
receiving ROX irrespective of tne soivent. OJermatitis persisted for up to 3U

days in rabbits treated witn 33% RDX in OMSQ,

In a repeated dose study, RDX (in the three solvents, as descrided apove)
was applied ags a U.l- or l-mb dosa to six ragnitsjhixturajvolume, 5 days/week
for 4 weeks; controls received solvent alone, A1l animais were observed daily
for 30 days, and blcod samples were analyzed as described in the single-dose
study. Pathological examination was conducted in one control and two treated
rabbitsAsacrificed on days 7, 14, and 28. MNo skin irritation or changes in
blood parameters were observed., One rabbit cied after the fiftn 0.l-ml dose,
and one died after tne tenth application of a l.J-mL doﬁe of 2.4% RD4 in aczton=,
Another rapoit died after the aighth l.d-mL application of 7.8% DX in
cyclonexanone., Hiszopatnology revealed sxin lesions at tne site of 20X applicatizn
that wera cnaractarized dy a tnhickaning or raedening and inflammation. ™inimaj
dermatitis was oosarved in animals raceiving tne RUX mixtures as well as in

£ o - -1 - : s Do
f tne solvent contral Rappits Treatzd witn sitner

10, or 29 L-nL

oy i ~ -

L

some ¢ 215,

]

adosas of WX in OMSU had dermatitis at necrsosy, wnile zne IMST contrals

receiving tne same doses did not develop dermatitis, Two animals tnat recai/ed

d1-1L
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cyclehexanone daveloped cermatitis, anc tne sclvent controals did not (M'‘clNamara

at al., 1974).

Groups of four yuinea pigs received a single topical applicaticn of a 3%

{w/v) ROX/DMSQ solution at doses of 316, 510, 1,000, or 2,000 m

/¢
)

1 ar tnr
HILFE S Qr TAr

1]

s 2
applications at a dose of 1,U0U0 mg/kg. Singie doses of 316 or 510 mg/kyg had no
effe;t, while slignt erytnema was observed at the },JU0- or 2,000-mg/xy dose.

When applied three times at 1,000 my/kg, slight erythema was observed afte}

the first application; later applications shnowed no further erythema. Applications

of 2 mL OMSO alone produced no effects (McNamara et al., 1974).

1

Bea

m

dogs (sex not specified) received a single topical application of

(4]
3 - =rr

L ml of 33% ROX in OMSU (289.0 mg/kg), 7.3% RDX in cyclonhexanone {65.7 mg/xy),

or 5.4% ROX in acetone (47.3 my/kg); each mixture was app&ied to two dogs. Two
additional dogs received 480 mg/kg of 33% RDX in OMSQ daily for 3 consacutive
days. Treatment produced no consistent increase or decrease in any of tne
physiolagical parameters. Cne of the dogs at the 4dU-my/kg dosa was sligntly
more irritable and hyperactive for 20 to 30 minutes arfter tne first and second
applications; dogs appeared normal during the 2-week observation period (McNamara

et al., 1974).

Groups of two to four beagles (sex not specified) received daily togpical
applications (on tne dorsal area) of 1 mL of ROX in the tnree solvents [ as
dascriped earlier), 5 days/week, for 3 weeks; control 4ogs raceivee L =L of tne
salvent alone on the same scnedula, Slight erythema and desguamation of Ine
Dack was cbserved in some 4ogs {number not specifieq) Quring Tne sacond or

tnirg week of applicaticn of a2itner OMSU alone or 22%.3 mg/<3 2L in oMSd; no
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ROX in aceranre (McNamara at al., 1374).

McNamara ot al. (1974) tasted ROL for aevidenca of sensit

4‘1‘

zattan in mala
and female guinea pigs using topical or intradermal injections of RDX in tna
three solvents. Ouring the sensitization phase, topical (0.5 mL) or intracermal
(0.U5 mL) doses were applied to the ciipped dorsal thorax, 3 days/week for 3
weeks. Following a 2-week rest period, animals were challended with a single
topical or intradermal dose of RUX prepared in 1:1 (v/v) solvent-saline mixture
(intradermal) and polyethylane glycol (topical). Although one raute per animal
was used for sensitization, doth routes were used for chailenge, one on eacn
tnign at different times. Topical or intradermal injecticns of RDX in the

three solvents produced no evidence of sensitization.

2. Longer-term Exposure

a. Ten- to l3-week studies

Schneider et al. (1978) dosed 30 Sprague-Dawley rats {sex not specified)

orally with ROX in an isotonic saline slurry at 20 mg/kg/day for 30 days. A

control group of 10 rats received isotonic saline on the same schedule. ROX

dig¢ not induce convulsions or overt neurslogic signs. Rats became lethargic,

-~ b Aaya 1 et
03t weight, deveioped an

A ~
k drid

rou o im ér

ouygin nat na

[a¥
Fa %)
(%)

coat,
the axternal narss immediately prior %o death. Ouring the study, aignt <osed
rats died (between days 42 and 77), apparently from exacerzation of chranic

respiratory diseaase.

Cholakis et al. {13980) conductad JU-day sudenronic distary taxicity studises
in male and femalae 36C3F) mice and Fiscner 344 rats. R0X mixeq in r~odent

aratAary ~RAw wae Fad A tma animale Far 137 weaws -
AR E N LR T bhwad L LA L LY Lol b F o LI L e

1

cmag 2N0Y rAncantrarinng
SR8 =L Cancantrarions
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The RDX used in tne study #as contaminatag with 3% HAMX,

In the study with mice, groups of LU male and 10 femala mice, S weexs of
age, received ROX doses of 10, 13, 20, 28, or 40 mg/kg/day for 13 weeks. A
control group of LU maies ahd 10 females was given a normal diet. .No meaningful
changes were observed 1n.clinica1 signs, maan body weight and faod consumption,
hematoloyy, and clinical chemistry values or terminal organ weiynts in treated

mice. Histopatnoloyy was not performed.

In a followup study {Cholakis et al., 1980), yroups of 10 male ana 1<
female mice wera fed 40, 60, or 80 my/kg/day RDX in the diet for 2 weeks,
followed by 80, 1840, or 320 my/kg/day RDX, respectively, for 1l weexs. An

equal number of mice served as controls and received a normal diet. Animals

were observed daily, and body weignt and food consumption were measurad weexly.

Hematoiogy and ciinical cnemistry tests were conducted at terminaticn. Tissues

T

from the control and nigh-dose groups were examined histopatnologicaily.

Mortality occurred in ¢ of 10 males (40%) and 2 of 12 females (16.7%) at
tne nignest dose {320 mg/kg/qay). One female died during week 6 of the study;
the other mortalities occurred during week ll. Mo toxic signs were notea prior

to deatn. Hyperactivity and/or nervousness were seen in 30% of the males at

4o fimd - wmaks 7T oam . ama i 1m 1wl
dose during weeks /7 and 8; these 3iygns wera not

[z
o

Yo X -1
Vdag

he highes

ul

females. Males fed 320 mg/kg/cday RDX exhinited a significant (p <U.05)

incraasa in mean oody weignt gain during weeks 10, 12, and i3; famales at tMis
dosa snowed a 5.3% increase during waek 13 wnen comparsd to controls, o
cnanges wers oosarved in mean fooa consumpticn quring tne ll-weex period.

Statistically significant (p <0.03) cnanges were goserved in scma of tne

nematology parameters. Maies fed 18C mg/kg/day RDX snowed 2 12% decredse in

Vi-12

-
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in maan corpuscular volume {MCY); nowever, there were no. effagts on tnese
parameters at tne nhigner dese (320 ppm). The mean corpuscular Nemoylooin

(MCHB) was increased 6 and 5% in famales fad R0X at 3Q or 180 my/kg/aay,
respectively., This is not considered of ;oxico}ogic importance, In addition,
intermittent cnanges in platelets and neutropnils (increased) and in serum
glutamic-pyruvic transaminase (SGPT) (decreased) values were found in poth seaxes
of treated mice. The effects of SGPT are not considered to be of toxicolegic
importance bacause the values were within the normal range and only increased

valyes indicate an adverse effect.

Dose-related increases in mean absqlute Tiver weight and mean liver weight
relative to body weight and brain weight were seen in both sexes ¢f mice; the.
increases were significant (p <0.08) at 320 mg/kg/day. Hjstopatho]ogy revealed
Aminima1 focal myocardial degeneration (five males and twgﬂfemales), miid zubular
nepnrosis (four malas and one female), and periportal hepatocellular vacuoiization
(five males) in thé-hign-dose mice. Other tissue changes observed in treated
mice were mild fatty infiltration and mild focal subscapular fibropiasia of tne
adrenals, mild microgranuloma, inc¢reased (minimal) karyomeyaly of nhepatocytes
in tne Tiver, and a dilated lumen of the uterus. The LJAEL for the study based

on anemia in malas was 18U my/xg/day, and tne NOAEL was 3U mg/xg/day.

In the 13-week study with Fischer 344 rats (Cholaxislet al,., 14930}, 8y
mala and 50 female rats were divided into six groups, eacn censisting arf 1
malas and 10 famales., Five groups were fed diets that provided an RUX intake of
L0, 14, 20, 28, or 40 mg/kg/day. The sixtn group, serving as contrals, was
given a normal qi1et., Rats were obsarved daiTy; and S0dy weight anad faoa

consumptian were measured weekly. Standard namatolggy Lests were concucted 3t

YT1-13
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at termination., Tissues from ¢gontrols and tne two nignest doses (23 and 40

mg/%g/day) were avaluatea nistopatheiogicaiiy.

" No mortality occurred in the treated rats. The mean scdy weignt of males
fed RDX at.40 mg/kg/day was significantly {p <0.05) lower than that of controis
during weeks 2 to 13; at termination, the weight gain was 8.4% lower when

compared to controls. fFemales exhibited dose-related decreases in body weignt;

-dose females tnan in

T

o
=r

the weight gain at termination was 5.5% lower in nig

controls, Mean food consumption was significantly (p <0.0%) reduced in males

fad ne nigh dose during we

n ks 1, 7,710, 11, and

=

1; a

7

1igh

[n

sut nonsianificant,

H

redyction in food consumption was observed in the females at this level.

[n maies fed 40 mg RDX/Kg/day; significant (p <0.U3) decreases in
nematocrit and hemoglobin (at 30 and 60 days) and increases in reticulocytes

AAAAAAA A

(at termination} were observed. [n

dition, a dose-related increase in piatsel
counts was observed at termination. After 30 cays, females fed ROX at 28
my/kg/day showed significant (p <0.05) increases in reticulocytes and decreases
in MCV and MCHB, The nigh-dose (40 my/kg/day) females snowed a siynificant

(p <0.08) increase in leukocytes, After 2 montns, the reticulocytes in females
fed 28 mg/kg/day returned to normal level, byt the reticulocyte count degreasad
(p <0.0%) in females fed 40 my ROX/kg/day. No significant changes were Qosarvad
in any of the parameters for females at terminaticn., Significant {p <0.0%;
decreasaes wera obsarved in ylucose, SGPT, and serum pjotassium (males}, ang in

SGUT and serum sodium (females) at terminaticn; nowever, tnesa vailues were

reoorted £o Se within the normal historical ranyes.

Thnere was an avgarent dose-ralated reduction in apsolute ang ralative 72

bady weight and >rain weignt) rterminal neart weignt in doth sexes Fag 4U
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incidence of myocardial degeneraticn {minimai} in famalas, 3/iY at zne nign
dose compared ~4ith-2/10 in controls., [n addition, there was an iacreasad
incidence (minimum degree) of liver portal inflammation in famales recaiving =uU
mg/ky/day (7/10) as compared to controis (1/1Q). Based on anemia, tne LOAEL

was 28 mg/kg/day, and the NUAEL was 2U mg/kg/day.

Levine et al. (1981) fed RDX in the diet to groups of lU male ana 10
female Fischer 344 rats for 13 weexs at deses of lu, 30, 10U, 304, or BUO
my/kyg/day; a control group of 30 maleS and 3G females was given a normal diet.
At termination, hematology ang clinical chemistry tests were conauctad, and aii
major organs (not shecifﬁed) were weigned; 25 tissues from dontroTs, from 3U-
and-LUU-mg/kg)day—dosed animals, and al! major oryans from the remaining groups

were evaluated nistologically., Male and female rats fed ROX at 300 or 6UU

Firm A A% A i e 3 i i
mg/kg/day died within 1.5 weeks of dosing. The mean survival times w invy

correlated with the dose level, and there was no apparent sex difference., A

dose-related and significant (p <0.05) reduction in body weight gain was observed

in males but not in females., Food consumption was significantly (p <0.0%)
reduced in both sexes fed lU0 mg/kg/day or above during study week 1, and in
males {100 mg/kg/day) during study weeks 5 and 9. 0Oose-related and significant
(p <0.US) decreases in serum triglyceride lavels were seen in DOth sexes, tne
lavels were significantly (p <0.U%) lower than those of controls in the groups
recaiving 30 and 10U mg/kg/day. A slignt but significant {3 <U.U9) increase in
fauxocyte count was odserved in famales at ail deoses; nhowavar, Ttnis is of
aouctful toxicglogic importance because there were no affecis on aiffarenti al

4

wnite 2igod cell ratics, Males snowed siitynt in
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Jut tne affect w~as not significant, ‘o other nemataology or sarum <nemistiry

nanae
ally =

in
1]
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indicateag no Treatment-realated <hanges in tne liver., 3asad ¢n affacts 2n liver

#eignts, Tne LUAEL was LlJU mg/kg/day and tna NOAZL 3U myg/xg/day.

Yan vettingen et al. [1949) conducted lonyer term toxigity studies witn RUL
in rats (strain and sex not specified) and dogs (breed not specified). Groups

. of 19 rats recaived RUX in the feed at doses of 135, 50, or 10U mg/kg/day for U

weeks. RDX concentrations were based on the weekly body weiyht and food

consumption of the rats. No deaths occurred at

e

|

the mortality rate was 60 and 36.6% in the 5U- and lUU0-my/kg/day dose yroups,

respectively. Most of the rats died during the first month. Necrapsy raveal

congestion of tne lungs and gastrointestinal tract. Mean body weight of rats

feqd RDX at 50 or 100 mg/kg/day was lower than that of controls, wnile rats at tne

13-my/kg/day level snowed normal weight gain. Hyperirritability and clonic/tonic

#

he 15-mg/ky/day dose; however,

. i
convuisions were seen in rats fed 50 or 100 mg/xg/day RDX. Ng abnormal Dehaviors‘\\

activity was seen at the lgwer dose, B8ased on CNS effects, the LUAEL was 5u

mg/kg/day and the NOAEL was 135 mg/kg/day.

In a followup study, groups of 20 rats were administered RDX in the diet
at doses to provide an intake of 15, 25, or U my ROX/kg/day for 12 weeks; a
control group of 20 rats received a normal diet. Mortality coccurread in 1, 3,
and 8 rats fed 15, 25, or 50 my/Xy/day, respectiveiy. Necqopsy reveal ed
congestion of the lunys and gastraintestinal tract in most animals that diaq.
The death in the ld;-dose group was not compound related. 3ody weignt laoss,
hyperirritaniiity, and claoni¢/tenfe convulsicons were obsarveg in rats fad Tne

two nignest doses; tnese effects were not seen in rats fag 13 my A4/ g/ /day,

trytnrocytes and nemoglopin content were raduced 1n ali rats, inciuding contrals,

during study weeks 3 and 4., However, normal valuas were Joservaed in all rats

SRy wWwadk 2 veant in rare Fad 28 ma INY/ealAdavr prachvary 1 TAaca -
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W3S 10T IImD.Et@ J4NTi Tartination.  No- Lr2aRiledler3d 3Ted Cnanyes eeraslDsaryed
in rats sacrificea at termination {Yon dettingen at al,, 1349}, Tha LJAZL
nasac on mortality and oody weignt 10ss was 25 mg/ky/day, and tne NJAEL was 13

my/Xg/day.

[n the study with dogs, seven nealthy famales were fofce-fed ROX (moldegd
in a moistened pellet) at 50 my/kg/day, 6 days/week far 6 weeks., One treated
dog that died at the end of week 5 nad many congested areas on the walls of the
small intestines. Treatment caused nyperirritapility, convulsions, and weight
loss. The gross and microscopic changes in the organs and tissues were negligiole

(Von Qettingen et al., 1343).

Hart (1374) observed no signs of toxicity, except for temporary episodes
of vomiting in beagles following dietary administration of RUX for 30 days.
The vomiting only occurred sporadically and during the fiﬁst 2 weeks, Groups
of three male and three female doys were fed ROX at Ufl, l, or 1Q my/kyg/day
for 90 days; an equﬁl_number of control animals received a normal diet. All
animals were gbserved daily, and body weights were recorded grior to initiaticn
and at weekly intervals. Upnthalmoscopic examinations were conducted prior to
initiation and 4t termination. Hematology, clinical chemistry, and urinalysis

tests were performed on all doys twice prior to initiation and during study

waake A o anAd 173 As A masne bt A A e adramale
wWEeAS =, G, 4G L3, a1 HE NS a Wy ATLNIRY 3, adranars,

splaen, and testes (with epididymis) were weigned. Histcopathological axaminations

of 12 selected tissues from the control and nign-dose animals wera conductad,

D

”

No signs of toxicity, except for temporary episcaas af esmesis, wers sz

1
i

waboratory tasts, opntnalmoscopic axamination, and organ weignts, as w as

iD

gress and microscopic 2xamination, revealed ne imgortant agiffarencas from

controls.
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in cynomolgus monkays. Tne animals ranged in age Trom 36 o 34 montns; tng
mal as welgned 2.5 10 4.5 kg, and Tamalas weignea 2 to 3.2 «<3. Groups 37 tnras
male and tnree female monkeys were administered coral gavage dos2s 3f WX in &
% agueous suspension of metnylcellulose at U.1, 1, or 1lU my/kg/day for 90 2ays.

An eyual number of monkeys, serving as controls, receiv

i i A w3 e

- 1o
a 1% aqueous suspensian

x

of methylcellulose alone on the same schedule. Animals were cbsarved daily,

arded ariaor

it

g initiation and

2]

t weekly intervals.
Opnthalmoscopic examinations were conducted prior to initiation and at terﬁinatton.
Standard nematglogy, clinicai cnemistry; and urinalysis tests were conducted
pefore study initiation, at study weeks 5 and ¥, and at terminaticn. The
bromosulpnalein (8SP) liver function test was conducted twice before initiaticn
and during study weeks 4, 3, and 13. Additionally, plasma levels of RDX were

determined for each monkey ar study weeks 5 and 9, and at termination. At

—

necropsy, the thyroid, neart, liver, kidneys, and adrenals were weigned.
Selected tissues and lesions from the control group and from tne animals
administered 10/mg/kg/day, and liver, kidneys, spleen, and gross lesions from

the animals administered 0.l and 1 mg/kg/day, were examined nistopathologicaliy.

A i T wmmarm.: s v A s i 1 3 ]
vomitin ] nervous systam disturbances were tne major toxd

g ald Gen e majut xic 51 ns

3
observed in dosed monkeys. Vomiting occurred in one low-dose, three mid-dosa,

and five nign-dose animals. Five of the six monkays receiviny 10 mg/x3/day
showed 12 instances of CNS disturnances, usually involving tonic-type cinvuisicons.
One male animal atmkne high-dose lavel was sacrificed during study wesk 3 due

to savere CNS disturdances. Zye axamination, nematolegy 2nc clinical cramistry
parametars, urinalysis, 3SP test, and organ ~#21gnts snowad 1o TIxicaisgically
significant changes. 3o0dy weignts of Treatad ang <ontrol ToAxKa8ys w2r2 Comparic! 2,
Histologic examination revealag necrotic and dayenerative megakarocyras in 2o0ne

marrow saciions, and increasas amounts of iron-gcsitive material in iver corz -~
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ra2garding the toxicological significance of tnese finaings., 3ased on effacis an

Tna CNS, tne LOAEL was LU my/kg/day and tne NUAEL was | my/kg/aay.

., Lifetime studies

Levine et al. (1983) evaluated the cnronic effects of ROX in yroups of 32
male and female Fisher 344 rats fed doses of 0.3, 1.3, 8.0, or 40.0 my/kg/day
for 24 montns, RDX purity ranged from 89.2 to 98.7%, and particie size ranged
from <22 um (51.7%) to 440 um. Mortality was increased in nigh-cdose malas and

females throuynout the study (e.g., 88 and 4l%, respectively, at week 38 as
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compared to 32 and

convulsions waere frequently observed prior to deatnhs of nigh-dose males and

females beginning at week 25, Ben

|m

vioral hypersensitivity to stimuli resultea
in fignhting among cohabited high-dose males. Histologic gvaluation fajled to
detect lesions of .tne central nervous system. The incide;ce of cataracts was
significantly increased (p <0.05) in nigh-dose females at weeks 78 and 104; thne

eyes of nigh-dose males appeared normai., These observations were considarad to

he treatment related.

Significant dose-related reductions (p <0.05) in body weight gain were
seen throuyhout the study for males receiving RDX at 3 mg/kg (5 to 6%) and 40
my/%<g {20 to 3U%) when compared %o controls. Females were lass affactad tnan
males. Sporadic reductians in pbody weiynt yain were found in famales racaiving
3 my/ky (9 o 9%) a;; 39 my/xg (LU to Ll3%). Food consumpticn was sligntly 2us
siynificantly reduced for nigh-dose malas at various intervals througnout ns
study; sporadic increases and decreases wera rsngrted TIr0 atnar Josec amalas znz

famal as.



30:2 l-{. impe2senTative Fasulis oY dertalviy ang CerceRnl Sutvtvad
in Rats Faa DY a tne Dier far 104 deeks
Jose group Mortality (percent sury va%)a 3% week
(mg/<a/day) 25 52 56 38 104
Males
0 . 3 (96) 16 {79) 21 (72) 24 (88) 39 (48)
0.3 3(98) 16 {79) 21 (72) 27 (5#) 39 (43)
1.5 & (95) 19 (75) 24 (88) 31 (59) 43 (3A)
8.0 3(96) 17 (77) 20 (73) 24 (83) 28 (39)
40,0 7 (31) 39 (48) 52 (31) 66 {12) 72 (&)
Females
y 3 (96) 18 (76) 22 (71) 25 (57) 35 {52)
0.3 3 (96) 17 (77) 20 (73) 23 (691 33 (58} ”“)
1.5 3 (96) 16 (79) 22 (71) 25 (67} 35 (53) '
8.0 $(95) 17 (77) 21 {72) 23 (89} 36 {52)
40.0 3 (96) 22 (71) 28 (83) 31 (5%) 43 (35)

a .
Percent survival was based on 7% rats/sex/group.

SOURCE: Adapted from Lavine et al, (1383).
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T-G0S52 Tal 25 and Tamar @5 INrJuyfoul TNErstudy TEi e wereratvagreq T2 2
graater extant tnan femalas. Thne study autnors reportad ine anemia to Je 7ilz,
since compensatary mecnanisms [e.g., reticulocytosis) were not odsarvad.
Réﬁ1culocyte Counts were not reugrted. Bone marrow was regorted as appearing
to ne within normal limits. Spleens were reported to appear enlarged, with
secondary splenic lesions in nign-dose males and females (e.g., extramedullary
nematopoiesis and sinusoidal congestion); nowever, spleen weights were not

significantly increased. Individual pathology data were not available for

review,

Hepatotoxicity, primarily at 4u mg/kg/day, was evidenced by nepatomegaly
(although histological chanyges were not reported to be apparant), hypocholesteremia,
nypotriglyceridemia, reduced serum aioumin/total protein levels, and increasad
lactic denydrogenase (LDM) levels. More specificaily, cholestaral and triglycerige
levels were significantly decreased in hiyn-dcse males and females throughout
the study. Total protein and albumin were decreased in females receiving 3 and
40 my/kyg at weeks %2, 78, and lU4; total protein was decreasad in niyn-aose
malas at 92 weeks. LDH levels were increased in nign-dose males at weeks L3 and

L ¥ad gy P £ a —d - - - . pr . vidoom mla L N~ [ T R e | Lt
26 and decreased in mid- and high-dose g% &t wesK 26; LUOh ieveis wereg not

reported for weeks 52, 78, and lU4. Absolute liver weights were increased for

high-dose femaies, and relative liver weights were increased for nigh-dose

males throuyhout the study.

—

Comgound-induced .renal toxicity was found primariiy 1n nilgh-dose maleas.

Absolute «idney weights were siynificantly increased ia nigh-dose famalas, ang

relative xidney weigynt fgnificanctly incr :
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tne study. Apsalute and relative xidney weignts w~ers sccragically incrazsed in

males and fameles receiving 3 my/ky. 3locd ur2a nitrogan {3UN) lavels wers

Y i=23
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of tne <iangys sncwes ranal megullary psacillary necrosis 1n 13/13 ma‘as tnat
raceived 3U my/<y for more tnan 3 monIns and diag oy 12 montns, Jut 7ol 11 0@

same yroup sacrificeg at 12 months or in any conzrols.

[n nign-dose males that died after 12 montns or were sacrificed at
termination, tnere was a significant (p <0.U5) iacrezase in Kidney iesions as
medullary papillary necrosis, pyelitis, and uremic mineralization., Oistension
and cystitis of the bladder were also observed in nigh-dose males (Table VI-3).
No corresponding changes were found in the yroyenital system of females. HMa1as
receiving 1.5, 8.0, and 40.U my/kg/day exhivited increasea pigment in tne
spleen (yossibly a nematapoietic response and not adverse) and suppurative
infl anmation of tne prostaﬁe (Taple ¥I-3)., The only siynificant {p <U.03)
nistoloyic cnange in females was an increase in lenticular cataracts (32/43 in

the high-dose group compared with 15/53 in controis). '

Additional toxic effects found in nigh-dose males and females inciuded
hypoglytemia and thrombocytosis. Glucose levels were significantiy decreased
at this dose level throughout the study; Whita biocod cell counts and platelet
counts were increased in nhign-dose males and females througnout tne study.
Adrenals were found to be enlarged in males receiving 40 mg/kg/day, althougn
nhistologic changyes were not reported; adrenal weignts were increased fn nign-
dose malas at 27 weeks and in hignh-dose females at 32 and U4 week3. A0sOiute2
brain weights of nigh-dose famales and r2lative orain weiynts of nign-acse

malas were siygniticantiy increasad tnrougnout tne study.

In summary, wnen 0X was feg at levels of 0.3, 1.3, 3.4, or 2U.J mg/k3/2ay
to Fiscner 344 rats for 24 montns, major toxic effacts incluged incra2ased
mortalizy, weignt loss, fheuatatoxicizy, nypogiycemia, anemia witn seconcary

-
TLon,

$h

solenic lesions, renal toxicity, urogenitzal lasions, testidular Zayenar

=
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Taple 4i-3. Aistaicgic Lasdoms e vale F-344 Rats Fed ROX for 2 7earsi

QOrgan/lesion ¢ 0.3 1.9 3.0 40
Kigney (55)® (54) (52) (55) (31)
Medullary papilliary necrosis 0 1 0 g ” 18*
Pyelitis G 1 0 1 S*
Uremic mineralization ! 1 2 Q 13*
.Blaader (54} {88) (52) (31) 30
Distension a 2 1 | 3 25>
Cystitis Y 2 1 1 13*
Prostate o (54) (55) (52) {35) (31)
Suoppurative inflammation 2 4 g | 12* 19~
Spleen (55) (52) (52) (35)  (31)
Increased pigment 3 1 11* 15> 12*

alncludes rats that died or were sacrificed moribund after 12 meonths and those
sacrificed at termination.

5The numbers in parenthesas are the numbers of an*maTs for which a specific
tissue was examined microscopically.
=Significantly diffarent from control incidence, 7 <0.03;,

SQURCE: Levine et al. (1983),

41-25
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of malas receiving 1.9 mg/kg/ddy and apove, tne LUOAEL was 1.3 my/xg/2ay and ™

tne NCAZL was J.3 mg/%3/cay.

Mart (1977) fea RDX to mala and female Sprague-Dawiay rats at doses 2F
1.0, 3.1, or lU my/kg/day for 24 montns. Survival was comparapble to controls
in nign-dose males and females. Body weiynts in feﬁaies receiving 3.1 and
1U my/ky/day were significantly decreased (p <0.0%5) from week %6 To week d8;
nansignificant decreases in body weights were seen 1n males receiving LU myg/kyg/day
from week 60 to termination. The study autnors, however, considered thase
findings to be toxicologically iasignificant. Histgpathslegic gvalyations
were comparable between control and dosed animals. The LOAEL was getarmined
to be 3.1 mg/ky/day and the NOAEL to be L mg/ky/day oésed on decreased dody weijnts
in females.

Lisn et al. (1984j evaluated the chronic effects of ROX in groups of 33 \>
male and female B6C3F) mice fed doses of 1.5, 7.0, 35.0, or 175 mg/kg/day far

DA NY ~..mma 1Y} -~
24 montits. RDA purity ed fr

any a9

4.2 t QB

~
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Pattil
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%; particle size ranyeq from

<22 um (51.7%) %o 440 um. The nigh dose was reduced from 17% mg/kg/cay %o

100 my/kg/day during week 1l due to nigh mortality; mortality rates were 35 and
42% for nigh-dose males and famales, respectively, at week 12 (Taple VI-4).
Survival was similar between dosed and control groups from week 12 to study
tarmination. A nign incidence of skin lesions (associated wiﬁn fighting; was
foung in nign-dose-;ales_during tne first year of the study; stucdy autnors
attrivutad this finding to treatment-related >enhavioral changes. OSuring tnhe
sacona year, ail dosed mal2 and control yroups axnidizaa tnis oena§1or; 1isTalayy

revealed cnranic dermatitis and skin ulcers in all dosed males. Tnis was

reportad o De a secondary treatment-related effect. Convulsions wers axniditac




Tapla VI-3,

sne Jiat

faor 104 weexs

Represantative Results of Mortaiity ana lercent Survival
in Mica Fag ROX in

_ a
{percent survival)

Cose group Mortality At week
{my/xg/day) 8 12 35 39 104
Males
0 0 (100) 1 (99) 11 (87) 32 (62) 39 (54)
L.5 0 (100) 0 (100) 13 (85) 34 (80) 43 (19)
7.0 0 (100) 0 {(100) 13 (85) 31 (64) 44 (48)
33,0 0 (100) 0 (100} 13 (85) 33 (A1) 48 (aa)
100.0 18 (79) 30 (65) 46 (46) 80 (29) 63 (26)
Famales
0 0 (100) O (100) 10 (88) 29 (86) 36 (58)
1.5 0 (100) O (100) 11 (87) 25 (71} 40 (53)
7.0 0 (100) 0 (100) 11 (87) 24 (73) 33 (61)
5.0 0 (100) 0 (100} 10 (88) 29 (&) 39 (34)
100.0 25 (71) 36 {S8) 44 (48) 56 (34) &0 (29)

8. . .
Percent survival was based on 8% mice/sex/group.

et al.

(1984},

U127
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Tne dcdy weiynt gains of nign-dose‘fanales wera sigynifigantly 5ecredsec
{p”<0.05} from weex 10 to study termination; the Dody w~eignt gains of niyn-dosa
males were siynificantly decreased (p <U.Us) from study initiation to week 12
only. Sporadic increases and decreases were observed in food consumption
throuyhout the study period. Slight but siynificant reductions in nemoylobin
and nematocrit were found in hign-dose females at week 33; however, R3C counts
were increased at this test interval, and tnese effects on erythrocyta parametars

Wers not reportad at any other time during tne study.

Large individual variations were found in clinical biocnemistry data for
dosed and control mice throughout the study. Hypercholesteremia was found in
dosed males and females; elevated c¢nolesteral levels weré found earlier (waek
13) and were more pronocunced in females than in males., Tnese increases were )
sighificant (p <U.0%) in nigh-dose females at the four intervals of medasurement
from week 14 to 79 and in nigh-dose males at weeks 26 and 53, Triglycerice
levels were found to be significantly increased {p <U.U89) in females receiving

Lo P L T fmd - - i + 4 {
35 my/Ky at weex /9 (high dose ed) and nonsignifi v increas

in
LRI B = ) [ ]

cantl ad
all dosed females at week 105. Absolute and relative liver weights were founa

ta oe increased in high-dose males and femalas at interim sacrifices {waexs 25

and 53) and at study terminatiaon. The increases in absolutz liver weignts w~erz
significant (p <U.53) at 33 and 105 weeks for females and at Lo weexs far

males, Relative liver weignt increasas were significant (p <0.3%5} at 2%, =3,

and l1U5 weeks in high-dose malas and femalas, Witn the excaption of Aepatacalilylzr

,
tumors, wnicn will be discussed in Section v1.3.3, Carcincyenicity, nistouatnolayis

lasions of tne liver were not founrd.




3lood~urzaenizrogen {3UN) ievels were sligntly vut siynificantly increasaa
(p <0.U9) in nign-dose femalas at weex 14 ang in 35-mg/kg Females at wesx 73,
Absolute kidney weignts were found to be ncnsigAificantly increased at week 33
in lU0-mg/kg males and signficantly increased (p <U.U3) in 35- and 1QU-mg/kg
males at 105 weeks. Relétive kidney weights were significantly‘increased
(p <U.05) at 26, 53, and 105 weeks in 100-mg/kg males and at 105 weeks in
35-my/ky males. The incidence of renal tubular cytoplasmic vacuolization was
reported to be increased in males at all dose levels when compared to controls
at 26 weeks; however, the incidence of tnhis lesion was tncreased in control
males at 53 and 1U5 weeks and was comparable to dosed animals. Tnis finding
was reported to be compound related at 26 weeks. Additional toxic effects
inc]uQed significantly decreased (p <0.0%) brain weignhts in males receiving lW
my/ky at week 53 and in females receiving 3» andtluu my/ky at week lU5.. Enlaryed
nearts were found in high-dose males and females. The ingidence of testicular’
‘degeneration in mice that died or were sacrificed moribund after 12 months and
those sacrificed at study termination was 0/63, 2/6u, 2/62, 6/59, and 3/27 at
dosas of U, 1.5, 7.0, 35, and lUU my/kyg/day, respectively. The increase over

controls was significant (p <0.05) at the two highest doses, No increases in

other nonneoplastic histoloyic lesions occurred in males or femalas.

In summary, when RDX was fed at levels of 1.5, 7.0, 35.0, or 100.U my/kg/cay
to B6C3Fy mice for 24 months, major toxic effects included weignt less, incraased
liver weights, and ;esticular degeneration. Based on testicular deyeneraticn
in males, tne LOAEL for systemic toxicity was 35 mg/xg/day, and tne NdAEL W as

7.9 my/kg/day.

3. Reoroductive Effects

Cholakis et al. {1980) conducted a two-yeneraticn reoroduction study in

-
-
V

fiscner 344 rats. The initial group of parental animals (Fy), consisting of 22

J1-29




mal2s and 22 “amgias, was fag A0X 12 Ine 12t &t aominail deses of J, 3, 13, or

30 my/kg/day for 13 weexs. After treatment, the animals were méted and tne

dams were allcowed To litter, After Qeaning, ygroups of 25 males and 25 females
{F{} were fed tne same dietary concentrations of RUX as their parents for 13
weeks and were allowed tao mate following completion of treatment. The dams

were allowed to litter, and after weaning, male and female rats (Fp) were
necropsied for nistopathological examination, Parental toxicity was demonstrated

in the gther yroups) and

Bk

at 50 my/Ky by increased Fj mortality (18 versus U
significantly reduced dody weights and food consumption. Transient reductions
in nadv wai
in Dody wei

. - ]
nt and food consumption were also noted at 9 and 1A mg/xy.

Reproductive and developmental effects noted at 50 my/Ky Qere reduceg mating

and fertility rates and decreased litter size and pup survival. The numbers of
live Fy litters were 17, 21, 19, and 1U in the Q-, 5-, 6-, and 50-my/Kg groups,
reSpéctively; the respective mean litter sizes were 11.7;‘13.8, 12.8, and 7.6. ..
Only one hign-dose litter survived to produce a second generation. Significan
reduced pup weights reflected developmental toxicity at both the 16- and Su-mg/kg
dose levels; mean F] values at day 25 were 53, 47, 43, and 3l g in the 0-, 5-,
16-, and SU-my/ky groups, respectively. The LOAEL for reproductive effects was

50 my/kyg/day, and the NUAEL was 16 mg/ky/day. The LOAEL for developmental

toxicity was 16 my/kg/day, and the NUAEL was 5 my/xyg/day.

4, Developmental Toxicity

Cholakis =t al. (1980) conducted develoumental toxicity studias in Fiscner
344 rats and dew Zealand rabbits. ROX dig not induce a teratogenic effact, UK

Was suyyested Lo e taratogenic in the rapbits, out only at maternally ToxiC J0sas.

In the study with rats, groups of 24 or 2% rats received R0X, Dy yavage,
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toxicity was. gemonstratad ar 20 mgykgiday dy mortality, myperactivity, convu?s‘ons,‘
;eéucgd Dedy weignt gains {adjustad for gravid uterine weignts), and aecresasaz

Qed consumption, A]EhOugh one dam receiving 2.0 mg/kg/d;y had convulsions,
Cholakis et al. (198Q) reported no compound-related effacts at 2.0 or 0,2
mg/ky/day. Embryotoxic}ty was demonstrated at 20 mg/kg/day by increased reasorption
rates. The means of postimplantation loss per litter were 6.3, 2,4, 5.1, and
18.6%‘at the 0-, 0.2-, 2.0-, and 20-mg/kg/day groups, respectively. Teratogenicity
was not demonstrated at any of the dose levels testedl Rasad on embryotoxicity

and maternal toxicity, the LOAEL was 20 mg/kg/day and the NOAEL was 2 mg/kg/day.
Tnis study is not suitable for calculation of a Ten-day Health Advisory due to

the severity of the effects {convulsions) at 20 mg/kg/day.

in the study with rabbits, dams (number nct repcrted) received RDX, dy
gavage, at levels of 0, 0,2, 2, or 20 mg/kg/day on days 7 E%rough 29 of gestation,
‘nd 11 to 12 litters/group were delivered by cesarean section on day 30.
matarnal toxicity Qas evidenced at 20 mg/kg/day by nonsignificantly reduced
weight gains. Uterine implantation data and fetal weights were comparable for
all groups; however, a nansignificantly increased incidence of fetal abnormalities

P S Y 1 -
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da, meningocsie, n
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ges, gastroschis
1imb reductional defects, tail abnormalities) suggested developmental toxicity
at 20 my/kg. Cleft palate was not found on gross examination of $¢ to 110
fatuses in 11 =0 12 litters at doses of 0.2, 2.0, or 20 mg/kg/day, but it was
founa on soft tissue ;;aminatfon in 1/46 fezysas at 0.2 mg/xg/day and in 2/34
ang 2/%2 fetuses in the 2.U~ and 20.0-mg/kg/cday groups, respectively, Yo cleft
palates were found in cantrals; the normal control “acidence in rapbits s
about O.1%. Spina bifida was found in 3/110 fetuses (two litzers) from dams

dosaq at 20,0 mg/kg/day; this anomaly was not founag in contrals or at tne Iwo

mer doses. No matarnal ar developmental effects were notad at 0,2 ar 2.0

Vi-31



mg/kg/day (Choiaxis et al., 1980}. Thus, based an matarnal toxicity ang

develocmental effects, the LOAEL was 20 mg/kg/cday and the MOAEL was 2.0 mg/<g/day’

-

Angerhofer et al, (1986} investigated the developmental toxic affects of

ROX in rats, The authors conducted a range-finding study using groups of six

pregnant rats treated with RDX, by gavage, at dose levels of 0, 10, 20, 40, 8Q,
or 12U mg/kg/day on gestational days & through 15. Treatments with 40, 80, and

120 mg/kg/day were lethal in all females. Animals in the 20-mg/kg/day group
exhibited uragenital and nasal discharge throughout the dosing period; no signs
of compound-related toxicity were noted at 10 mg/kg/day. Fetuses from the
yroups dosed with RDX had significantly reduced body weights when compared with
controis. Tne teratogenicity study consisted of 39, 40, 40, and 51 mated
females dosed with RDX on gestational days 6 through 15 at 0, 2, 6, and 20
mg/kg/day, resgectivé]y. A total of O, 1, 1, and 16 anima1sﬁ respectively,
died in the above groups. No clinical signs were noted for the animals dosad
at 2 and 6 mg/kg/day; however, antemortem signs for animals in the 20-mg/kg/day
group included urogenital discharge, nasal and orail axudate, convulsions, and
prostration. Necropsy findings did not provide evidence of specific causes for

rhe daathe nf thaca animale
L - Sl ol - a -

WE PN s hs weiad W a3 LR ] L]

Amonyg the surviving animals, maternal body weights far the high-dose group
were significantly (p <0.0%) reduced wnen compared with controls at gestational
days 10, 13, and 16; hgwever, body weights in thnis group were comparabla wicn

_____ - A‘A‘_A-" = e A

tngse of controls on gestation day 0.

The incidence of fetal resorptions was slightly increassad for 211 grouss
acsed with ROX, but these fatal affects were not significantly diffarant “r2m
those of controls anag tne effacts were not dose related, Fetal weights ang

lengtns were reported to de significantly {p <0.08) reduced at all desa levals
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whan- comparad with controls. However, when sidffstical amalysis was ranezted

" an the data, using the litter as the nas’s, 7t was found fthat fetal weignt and
length were significantly dec}eased compared te controls only in fefuses from
dams dosed at 2U mg/kg/day (Taple VI-5), The male-to-female ratins were 0,83,
0.88, 0.94, and 0,39 for the 0=, 2-, 6=, and 20-mg/kg/day groups, respectively.
No teratogenic effects were noted in this study. Based on maternal deaths and
toxicity and a decrease in fetal_weight and fatal length, the LOAEL is 20

mg/kg/day and the NQAEL is 6 mg/kg/day.

§. Carcinoyenicity

RDX was not found to be carcinogenic when fed to rats {(two strains); however,
it was found to produce hepatocelliular and alveotar/bronchioiar carcinomas and

adenomas when fed to mica.

y
Y]
1

e et al
«nd female Fischer 344 rats fed RDX in the diet at doses of 0.3, 1.5, 8.0, or
40.0 mg/kg/day for 24 months., Following treatment, animals were examined for
occurrence of tumérs in various organs/systems, ROX was not found ta be

carcinogenic in rats at doses up to 40.0 mg/kg/day. This study is reviewed in

getail in Section VI.B,2.b., Lifetime Studies.

ROX was not found to be oncogenic in male and f male Sprague-Dawlay rats

fed ROX in the dist at doses of 1.0, 3.1, or 10 mg/kg/day “ar 23 montns (Hart,

1977). The incidence of neoplasms was found to be comparabie Detwean Josed and

contraol animails,

E o2 o I | F 4 ovisAy . - o a4 e 2w . L . emm omam 4 m mmemirems ams Jda mw ] o
LIS 80 &1, (L20%) 8valugizd Lhe Tnctdendcg OF LUmQrs °"n grubps 2F 20 #d g

(7]

ang female B6C3F; mice fed ROX at doses of 1.5, 7.0, 35.0, ¢cr 100 mg/<3/2ay ®or

4 montns (Table VY1-A and Table VI-7, respeczively). The ingidence 2f




“ipie vI-d, Faval deignc ing L2yt 2 oIl T Jrogyeny
of Rats Aaministeared RDA

ose
level Weight (g) Lenytn {cm)
0 \ 3.81£0.47 3.7120.16
2 3.70%0.39 3.68z0,17
6 3.7224.34 3.67£0.1%
20 3.45£0.43~ 3.92=0,21%

*Signtficantly different from control value usiny analysis of
variance and Duncan's test for multiple comparisons, p <0.05; the
analysis is on a litter basis.

SOURCE: Adapted from Angerhofer et al., (1986).
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Tapts Jl-0. ncicenca of Teopiasiic
Feg ACX 0 tne Glar o

Cose lavel (mg/kg/dav)

Jryan/finginga _ 0 1.5 7.0 35.0  170.0
Liver (63)b (60) (62) (59) (27)
Malignant 1ymphoma g 1 4 5 y
(Q%)c {1.7%) (6.4%) (3.5%) (0%)
Hepatocelilular carcinoma 13 20 16 18 4

(20.6%) (33.3%) (25.8%) (30.5%) (22.2%)

Hepatocellular adenoma 3 5 1* 7

7
(12.7%)  {10.0%) (1.5%) (11.9%) (25.9%)

Hepatocellular adenoma and 21 26 17 25 13
carcinoma combined (33.3%)  (43.3%) (27.4%) (42.4%) (48.1%)

Lung (63) {60) (682) (59) (27

Alveglar/bronchiolar carcinoma 3 6 3 7 5
(4.8%) (10.0%) (4,8%) (11,9%) (18.5%)

‘ Alveolar/bronéhiola} adenoma 6 5 o 7 1
{9.5%) (8.3%) (8.1%) (11.9%) (3.7%)

Alveglar/broncniolar adenoma 9 il 3 14 5
and carcinoma combined ©(18.3%)  (18.3%) {12.9%) (23.7%) (22.2%)

Kidney (63) {80} (62) (39 (27)

Malignant lymphoma 1 2 4 4 1
(1.6%) (3.3%) (6.4%) (5. (3.7%)

alnciudes animals sacrificed at study termination and those that died or were

sacrificed moribund in the course of the study.

bNumper of animals with specific tissue examined nistologicaily.
CPercentage of incidence.
*Significantly different from control value {p <0.05)

LA ;-

SCURCE: Aaapted from Lish et al., {1984),



T&D]e V["?o

Incidence of VNeoplastic Lesions in Famale 36C3F| “ice
Fead RDX in the Diat for 24 Months

Qrgan/findinga

Dose level (mg/xg/day}

0 1.5 7.0 35.0 100.0
Liver (65)b (62) (64) (64) {31)
Hepatocellular carcinoma Q 4 3 & 3
(0%)c (6.4%) (4.7%) (9.4%) (3.7%)
Hepatocellular adenoma 1 1 & 6 3
{1.5%) (1.6%) (9.4%) (9.4%) (9.7%)
Hepatocellular adenoma and okl 5 g 12> 6*
carcinoma combined (1.5%) (8.1%) (14.12) {(18.8%} (19.,4%)
Lung. (65) (62) (64) (64) (31)
‘Alvealar/bronchiolar carcinoma 3 1 3 3 4
' (4,6%)  (1.6%) (4.7%) (4.73)  ({12.9%)
Alveolar/broncniolar adenoma 4 2 5 9 3
(9,2%) (3.2%) (7.8%) (14.1%) (9.7%)
Alvealar/bronchiolar adenoma 7 3 3 12 -7
and carcinoma combined (10,8%) (4.3%) (12.5%) (18.8%) (72,6%)

alncludes animais sacrificed at study termination and those that died or were
sacrificed moribund in the course of the study.
DNumber of animals with specific tissus examined histologically.

CPercentage of incidence.

Ci miFimant]
Jlgl'

ificantly different from control value (p

SOURCE:

Adapted from-Lish et al, {1984},

<).,Ns

----- -~/ 9

**Significant trend {p <0.05), Cochran-Armitage test;

Figrer's fxact test.
analysis hy raviewars,



2w ATICRI 1L ar 24AGCINOMAs . aNG. agenomas. camoi meas was ~aworTRe ©O.Je §significantly
increased (p <U.U5) in females receiving ROX at 7.Y, 35.4, ang¢ 1UU.0 mg/<g

{1a.1, 13.8, and 19.4%, respectively) when cempared to concurrent (1.3%) or
nistoricai (7.9%) controls (Taples V[-7 and VI-8)., Trnese findings were
considered to be compaund related in females. In addition, it was reported

that the incidence of hepatocellular adenomas in females receiving 7.0 ana 35.0
out not 1UU my/ky/day was significantly {p <0.U%) increased when compared to

z H b L T L T S

nistorical controls. Historicaily, the incidence of combined hepatocel

1
1

ular
adenomas and carcinomas in untreated male 86C3F; mice is 3l.1% as compared to

idg4

—r
“

The incidence of combined nepatocellular adenomas and carcinomas in niyh-dose
males was 48.1% as comparéd to 33.3% for the concurrent control group; the
increase was not significant (Tabie vI-8). A nonsignificant increase in alveoiar
and bronchiolar carcinomas was found in high-dose males aad females; histiccytes
were reported to be increased in the jungs of nigh-dose females. Malignant
tymphoma of the kidney was reported to bDe slightly increased {nonsignificantly)
in males receiving RDX at levels of 1.5, 7.0, and 35.0 mg/kg (3.3, 6.4, and

5.8%, respectively} when compared with concurrent controls (1.6%)., This findiny
was not seen in female mice. I[n summary, the incidence of nepatccellular
carcinomas and adenomas (combined) was siynificantly increased in RUX-treatad
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classified in Group C: Possibie Human Carcincgen.,

This study nad some technical flaws, The nign dose was lowared from 173
mg/ky/day to lUU my/Ky/day during week ll due to nign morzality in botn sexes,
Tnis mortality substantially reduced the number of high-dose animals at risx

{see Taple V1-3). Since tnere were four doses in thne study, thne nijn dose

*mtld ha ramAaved fAar guantirtarian mayd
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ELE

3 {l-4. .n¢igdenca of Primary Liver Tumors
in Historical Cantrol 36C3F; Mice

Tumor incidencea

Finding Males Famal es
Number of tissues examined (2,334) {2,469)
Hepatocaliular carcinoma 498 101
{21.3%) (4.1%)
Hepatocellular adenoma 240 98
(10.3%) (4.0%)
Hepatocellular adenoma 725 196
and carcinoma combined (31.1%) (7.9%)

SOURCE:

Adapted.from Haseman

vi-38

et al., (1984).
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Jotancy 2stimats.  Tne 30X jsed contained 3o LUm o=MX., The incr

1]

ases .0
nepatacel lular adencmas or carcinomas were not significantly (p »0,US) increasead

in dosee famalas when anaiyzed saparataly but wer2 significant wnen comoined.

. Genotoxicity

RDX gave neygative results in all genotoxicity studies conducted.

The mutagenic patential of RDX was evaluated in two studies using the

greincubation assay. Salmonella strains TA3S, TALUO,

TA1535, TAL537, and TAl538 were exposed to RDX at concentrations of 1, 10; 100,
30U, or 1.000 uy/plate in one study (Cholakis et al., 1980), and at U.625 or
1.25 mg/plate in the second study (Whong et al., 1980). The assays were
conducted with and without metabolic activation (S-9 fraction from livers of

Aroclor-induced rats). In both studies, RDX was nonmutagenic.

Cimmman ar
2V S

al, {1977) tested the mutagenicity of several munitions
wastewater chemicals before and after chlorination or ozone treatment. ROX was
evaluated in Salmonella strains TAS8, TALQU, TALS535, TAL537, and TAL1938 at

several concentrations ranging from 0.24 to 14 uy/plate, and in 3accnaromyces

ceravisiae strain U3 at concentrations ranging from 0.00004 zo U.0023%. The
assays were conducted with or without metabolic activation (3-9 fraction from
livers of Aroclor-induced rats). RUX was nonmutagenic vefore and after

chlorination in these assays.

In a dominant lethal assay, male Fiscner 344 rats were feq RDX-containing
diets oroviding 0, 5, 16, or 30 mg/kg/day for 13 weeks and then matad w%tn
virgin females. RDX 4id not induce a dominant }ethai affact, Thnera was no
evidence of a preimplantation loss of olastocysts or postimplantaticn of amoryos

(Choiakis et al., 198u).

¥1-39
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(5]

WIl-38 (numen fioropiasts) wnen tastad at a maximum concentration of

4,000 wy/mb, with or witnout metaceclic activation (Jilley et al., 1373},

7. Neurotoxicity

MacPhail et al. {(1985) studied neurobenavioral effects after acute or
subchronic oral administration of RDX to Sprague-Oawley rats. In acﬁte studies,
ROX in corn oil was administered, by gavage, in dosas of 12.5, 25, or 50 mg/ky.
Testing for benavioral effects was conducted 2 and 24 hours after administration,
[n subchronic studies, doses of 1, 3, or 10 mg/kg/day were yiven for 30 days,
and testing was performed prior to dosinyg and after 16 and 3U days of dosing.
Setween 24 and 64 rats of each sex were studied in a series of neuragbenavioral
tests. After acute dosing, a wide range of senasory, motor, and cognitive
affects were found in the rats, DUt no overt neurotoxic effects were found.

ittle avidence of behavioral

s -+ E R A

toxicity was observed after subchronic dosing. ™

/

i
-

Motor activity was tested in a figure-8 maze with blind alleys that
converyed on a central open area; photoelectric calls monitored total activity

as well as temporal and spatial distribution of motor activity. In the acute

study, there was a significant dose-related decrease in activity {all doses)

«F

with some indication of a residual effect at 24 hours., Landing footspread,
measured in the same groups of rats, was consistently decreased at 2 hours, But

no dose-related effect was observed. In an acoustical startle response test,

a 13-kHz startie stimuius was presented L0 times in each testing sessicn in tna
presence of three different backyground noise intansities. A dose-ralated 1acragsa

in responsa iatency was observed after single dosas of ROX (MacPhail et al., L1343},

i 1=30



N 3CNEeQUi 3-CONThoiled J2naviar TasT, Maie F3INS sers T/oatned T2 2r3W3 O3
ey tyrdaliver sweetemed condensed milx in response to & 1ignt cue gver-the

milk digper. ROX administration decreased tne overall operant response rate

and, at the nignest dose, recovery to baseline perfermance did not occur until
3 days after dosing. There was a dose-response effect on recovery. In a
flavor aversion conditioning test, ROX-treated rats preferred water tgo a

saccharin-f] avored solution.

In the subchronic studies, no clear behavioral

of the above tests after daily dosing at levels of up to 10 mg/kg/day.

Burdette et al, (1988) studied spontaneous seizure activity, audiogenic
seizure activity, and tne phenomenon of xindling in Long-Evans male rats
after oral administration of RDX. 0Oral gavage doses of RDX (class 5 particle

size) dispersed in carboxymethylcellulose by ultrasonic freatment were

ket A e aw mmmiimm ad 1) 19
administered to groups of iU to ia rats, an

[

o amTm
LIl Qi

[+ 8

8 nours. Spontanecus convulsions occurred in about 20% of the rats dosed at
12.5 mg/kg ROX within 2 hours and subsided by 4 nours. At 25- and 30-mg/Xg
doses, spontaneous convulsions gccurred in 30% of the animals and seizure
activity persisted for 2 and 6 nours, respectively., The tnreshold plasma lavel
of ROX at seizure was 3,1 ug/mL. Suscegtib11ity to audiogenic seizures,
elicited by exposure to an uitrasonic scurce, was significantly increased

with dose and persisted for up to 300 seconds after a 80-mg/ky dose of RVX;

this dose resulted™in death of & of 18 rats.

To study the kindling phencmenon, elsctrodes were implantea in the
amydaleid nucleus of the brain, Kindling is cnaracterized oy development oY
seizure activity by repeatad daily eiectric stimulation of the amycaloia &t

a current that is a fraction of the normal thresnold current for seizures.

vi1-41




0% jivaen sLoAcncanvuisIve 1aliy 30sas r 3 gy gsday QT2 18 ImaEmitoal
xindling agent. Convulsions couic de induced Dy Tow currants a week aftar
cessation of RUX dosing, indjcating that the effect was not due to acgumul atic
of .RUX in the dody. The results indicated to Burdette et al, (1988) tnat tne

primary taryet far RDX toxicity may be the limbic system of the brain.
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[T1. AEALTA ADVISORY JEVELIPMENT
A.  SUMMARY OF. HEALTH EFFECTS DATA

[n humans, th; major toxfc effects of RUX nave been on tne central ne2rvous
system (CNS). Expos.re of workers in a muniticns plant via inhalation of dust
containing RDX nas rasulted in nausea, irritapility, convulsions, uncon;ciousness,
and amnesia (Kaplan 2t al., 1965). Military personnel nave been exposed to RUX
and its decompositicm products while burning compasition C-4 explosives in the
field to heat food; -nhalation of the smoke rasulted in clonic/tonic cenvulsions
(Ketel and Hughes, .3>72; Hollander and C61Dach, 1963). Ingestion of ROX nas

caused similar CNS a~fects (Stone et al., 1969; Woody et al., 1986}.

Acute toxicity studies by Cholakis et al. (1980) indicated oral LOgy values
of about 80 mg/xg in mice and 118 mg/kg in rats. [T has Deen estimated that
convulsions occur in rats when plasma levels reach 13.8 &b/mL {Schneider et

al., 1977),

Subchronic 90-dzay feeding studies in mice and rats indicate effects on tne
blood and liver, in poth sexes of mice, increased liver weights were seen in
groups receiving RDX at 320 mg/ky/day, and anemia was seen in males receiviny
16U my/ky/day {Cholax:is et al., 1980). In rats, anemia was seen at 2 dose
level of 23 mg/kg/day in males (Cholakis et al., 198U), and increased liver
welgnt was seen at a 40se level of 10U my/kg/day in females (Levine et al.,
1981)., In a l0-day ~r-al gavage study in monkeys, voemiting and convulsions were
saen in five of six .:1imals receiving RDX at 10 my/xg/day, but no centrai

nervous system effac<<s were seen at 1 mg/kg/day (Martin and Hart, 1974).

111



Lifatime . Taeding stuaies in ~3Cs NQ Mc2 jroaucag NS arfacTi. ncrzasen
mortality, weignt loss, anemia, nepatotoxicity, renal toxicity, testicular
degeneratian, and infismnation of zne prostate. In male ana famalz rats fad
RUX in the diet at a lavel to give a daily intake of 34U my/kg, tremers and
convulsions, increased mortality, and enlargement of the liver were gbserved.
Anemia and enlaryement of the kidneys accompanied by nistologic changes were
also found in males receiving 40 my/kg/day. Inflammation of the prostate was

found a

: no affects were noted at a dose of (.3
mg/ky/day (Levine et al., 1983). In a study in mice by Lish et ai., (1384),
increased martality was seen in the first 10 weeks of the study when mice
received 17% mg/ky/day. The hignh dose was reduced to 100 my/kg/day. Decreased
waight gain was observed in females receiving 1UU my RUX7/kg/day between lU
weeks and study termination, Increased liver weights were found in males and
females receiving lU0 my/ky/day. The males receiving 3% d? LU0 my/ky/day
exhibited testicul ar degeneration. No important toxic effects were found at

7 my/kg/day.

RDX was not found to be mutagenic in bacteria (Whong et al., 193U; Simmon
et al., 1977). It gave negative results in the dominant-lethal test (Cholakis

et al., 198U) and in an unscheduled ONA syntnesis assay (Dilley et al., 1978).°

ROX was not carcinogenic in rats (Levine et al., 1983; Hart, 1377). In
36C3F) mice, there was a significant increase in the incidence of hepatocellular
¢arcinomas and aden?has {combined) in females receiving 7, 35, or lul mg/<g/day
for 2 years. Mortality in mice receiving the Rignest dose was axcessive ang
the dose was lowerea from 175 to lUU my/kg at week 11, RDA is classified

as Group C: Possiole Human Carcinogen.

vil-2



S0 Twoejgneriticn S2oreducIion stuady i mat3, dacr/22s2a Tartiliny was
gbserved at SU my/ky/day. Jevelopmental affects (decreased pup weignts) were

saen at 16 and SU my/ky/day; no effects were observed at 3 mg/kg/day (Cholakis et

al 1QR1Y Jny i - va - o - (R - -
di ey LIQV [ RUWA WdI
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ound to be emoryotoxic in rats at 2U mg/kg/day (Cholaki

wh

et al., l980; Angerhofer et al., 1986) nut was not found ta be teratoyenic.
8. QUANTIFICATIUN QF TOXICOLOGICAL EFFECTS

Health Advisories are generally determined for One-day, Ten-day, Ldnger~
term {approximately 7 years), and Lifetime exposures if adequate data are
available that ide&tify a sensitive noncarcinogenic endpoint of toxicity. The
HAs for noncaréinogenic toxicants are derived using the following formula:

ua = (NOAEL or LOAEL) (8W) » . .
ToF) 1 C/day)

where:

NOAEL or LOAEL

No- or Lowest-Observed-Adverse-Effect Leval
(in mg/kg BW/day).

BW = assumed body weight of a child (10 kg) or an adult (70
kg).

UF = uncertainty factor (10, 100 or 1,000), in accordance with
NAS/ODW guidelines.

L/day = assumed daily water consumption of a cniltg (1 L/day) or

an adult (2 L/day).

L. Une-day Health Advisaory

In numans, ROX intoxication results in central nervous system effects sucn
as convulsions and unconsciousness. Good yuantitative data on tne minimum dosa
that causes the affacts are not availabie. One study on acute fatgxication of a

3-year-0ld child wno consumed RDX measured Dlood and spinal fluid lavels of RDX

VI[-3



:nd 2s=imatad 1ne 20s2 inyaestaa (licodvy 2 3i., L988..  -owever, 31102
assumptions were made to estimate tne dose, and a single individual was 2xposed
this study was judgyed to nave inadequate data for HA deveiopment. [a a study

- L VR

in dogs, a single intravenous dose of 3.37 mg RDX/Ky was reportad L3 causz an

arratic electroencephalogram (EEG) pattern and decreased biood pressure.

o8

However, gyraphic data for this

: r, graphic dat h ase {th

lowest dose testad) were not presanted,
only one doy was tested, a NOAEL was not established, and the route of exposure

may not have been appropriate for setting a One-day HA value for ROX.

Since these data were not judged suitable for determining a Une-day A

.

vaiue for ROX, it is recommended that the Lo 10=kg chila (U.1

- 1 fo D o
G AWTRY W - e

mg/L) De used as a conservative estimate for the One-day HA value.

2e Ten-day Health Advisory

No data found in the available literature were suitable for determination
of the Ten-day HA value for RDX, It is therefore recommended that the Lonyer-
term HA for a lU-kg child (0.1 my/L) be used as a conservative estimate for the

Ten-day HA value.

3. Longersterm Health Advisary

In a 9U-day study in cynomolgus monkeys, convulsions occurrea in five of
six animals receiving RDX, by gavage, at 10 mg/ky/day. No CNS affacts wers

saen in three males—and three femaies receiving 1 my/kg/day {Martin and Haret,

4=y 5 oo - .
Wil l Ldldy 4 W

1) mao
-t lll‘:

%), GDased on 55 /xg/aay and tne NUAEL is 1
mg/ky/day. In rats; tne LOAEL far CNS effects was 25 mg/kg/cay ana tne MNUAZL
was 13 mg/kg/day in a Yu-day feeding study (Yon Qettingen et al., 1343).

LUAELS and NUAELs were available for effects on liver weight and liver patnology

in mice (Cholakis et al., 1980) and in rats (Levine 2t ai., 1981}, but tney
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Jera 10t I3nSTA@rsg l8cause the /ajluas ~er2 Mucn 2RSS $ansrtIiva itan Inose Cun
CNS effects in monkeys. [Re-Cholakis et al. {(1980) develgomental taxicity

study was considered but rejacted due to tne saverity of the affects (convyulsions:

at the L
The Longer-term HA for the 10-kg child is calculated as follows:

{1 mg/kg/day) (10 kg) = 0.1 mg/L (1UU ug/L)
{1 L/day) (luQ)

where:

1 mg/kg/day = NOAEL, based on CNS effects in monkeys following SU-day oral

dnging at 1N ma ANY/a/Aay
hihd @ 1L l& =4 +) PRl |||3 T vy '\:l “J L ]

10 kg = assumed wetght of a child.
l L/day = assumed water consumption of & 10-kyg cnild,

lU0 = uncertainty factor, chosen in accordance with ODW/NAS
guidelines using a NOAEL from an animal study.

The Longer-term HA for a 70-kg adult is calculated as follows:

wherae:

1 mg/ky/day = MOAEL, based an CNS effects in monkeys following SU-day oral
dosing at 10 mg RDX/kg/day.

70 kg = assumed weight of an acuit.

2 L/aay = assumed water cansumptian of a 7U-kq aault.

4, Lifetime Health Advisory

The Lifatime HA represents tnat partion of an individqual's 2otal axposur2

that is attributed to drinking water and is considered protective of noncarcinoyenic
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agversa eain 27%3¢cts gver 2 [ ifatimae awnasuyra, Thae _-Yav-me €4
in a three step process., Steg 1 cetarmines the Refaranca Dose (RfD), formerly
callead thne Acceptasie Daily Intake (ADI}. The fD is an estimate of a daily

expasure to the human population that is likeiy to be witﬁout appreciagia risk

f deleterious effects over a lifetime, and is derivad from the NCAEL (or

r

QAEL), idengifieq from a chroni¢ {ar subchronic) study, divided by an uncertainty

E - R = 2

~factor(s). From the RfD, a Drinking Water Equivalent Lavel (OWEL) can be
determined (Step 2). A DWEL [S A MEDIUM-SPECIFIC (I.F., DRINKING WATER} LIFRTIME
EXPOSURE LEVEL, ASSUMING 100% EXPOSURE FROM THAT MEDIUM, AT WHICH ANVERSF,
NONCARCINQGENIC HEALTH EFFECTS WOULD NOT BE EXPECTED TO OCCUR. The NWEL is
derived from the mu1£iptication of the RfD by the assumed body weight of an
adult and divided by the assumed daily water consumption of an adult, THE
LIFETIME HA IS DETERMINED IN STEP 3 8Y FACTORING IN OTHER SOURCES OF EXPOSURE,
THE RELATIVE SOURCE CONTRIBUTION (RSC). THE RSC FROM DRINKING WATER IS BASED
UN ACTUAL EXPOSURE DATA OR, IF DATA ARE NOT AVAILABLE, A VALUE QF 20% IS ASSUMED

If the contaminant is classified as a Group A or 8 carcinogen, according to the
newle Alacedfdmard
e - 1 LI Qh

[~ - = |

caution should be exercised in accessing the risks associated with lifetime

exposure to this chemical.

Three 23-month continuous feeding studies, one in 36C3F] mice and two *n

rats (F-344 ang Sprague-Dawley), were considered. The LDAELs and NCAELs

estabiisned are presested in Table VIi-l.

[n the study witn rats by Lavine et al, [1883), F-3dd rats were fad doses
af RDX at 0.3, 1.5, 8.0, or 40 mg/<g/day for 24 moaths. BSased on 2 dosa-ralatad
incr2ase in the inciderca of suppurative inflammation of the prostats of maias

recaiving 1.5 mg/kg/day and 2bove, the LOAZL *s 1.% mg/xg/day and rnhe NQAEL is

[ N | Uy N . - T N . SN T fias - 4-_-“;_ M
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Taple Jil-l. Summary oF CanaigatarStudias for Jerivation of tne
Orinking water Equivalent Level (OWEL) fdr ROX

Species/ NOAEL  LDAEL
strafn Route Quration Endpoint (mg/ky/day) Reference
Rat/F-344 Qral/ Lifetime Inflammation 0.3 1.5 - Levine et al, (1983)

diet of prostate
Rat/S-D Oral/ Lifetime ODecreased body 1.0 3.1 Hart et al. (1977)

diet waight in

females

Mousa/ Oral/ Lifetime Testicular 7.0 35 Lish et al. (1934)
86C3Fy diet degeneration

*The NUAEL is 7.0 mg/kg/day for systemic effaects based on the absence of
systemic effects at this dose and the separation by EPA of tumorigenic and

it is recognized that hepatocellular adenomas and carcinomas

ware exhibited in female mice at this dose level, 4

systamic changes;

STy
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nistoloyic cnanges were seen at the doses zaestad (1, 3,1, and 10 mg/kg/day).
However, siynificant decreases were seen in dody weight gain in famales at 3.1

and 10 ma
Wit LW IS

—
N

mg/kg/day was detarmined.

In a 2-year feeding study in B6C3Fy mice, an increase in testicular
degeneration was found in males receiving 35 mg/kg/day but not in those recetving
a dose of 1.5 or 7.0 my/kg/day (Lisn et al., 1984), There was an increase in
apsolute and relative liver weights in males and females administered 100

mg/ky/day and an increase in combined nepatocellular tumors in females receiviny

ra 1
¥ LY -

in

Ar 1110 m
- t ] 3 Wi LA

Data on pharmacokinetics in numans are inadequate, and no data are avaflable
far mice. Therefare, it cannot be detarmined which species most closely

resembles man in absorption, metabolism, and excretion of RDX.
_”}\
The study by Levine et al. (1983) has been selected for calculation of tne '

OWEL, sinca it nas the lowest NOAEL (0.3 mg/kg/day) among all the studies.

Using this study, the DWEL is derived as follows:

Step 1. Detemmination of the Reference Dose (RfD)

Rfp = 8.3 mg/kg/day) = ,003 mg/kg/day
VU

whera:

0.3 my/ky/day = NOAEL, basad on increased incidence of suppurative
inflammation in the prostate of males recaiving 1.9
mg/ xg/day.

100 = the uncartainty factor, chosen in aczorcance witn QDW/NAS
guidelines using a NCAEL from a chronic animal study

(10X for intraspecies variation and l0X for intarspecies
variation).

vi(-8



itan I, JeT=rmination or Ine Jrinking 4atar IGulvaiant Lavar JWEL

OWEL = (0.003 mg/kg/day) (70 xg) = 0,105 mg/L
2 L/cay {rounded %o 100 .g/L}

where:

0.003 my/ky/day = RfD,
70 kg = assumed body weight of an adult,

2 L = assumed daily water consumption of an adult.

Step 3. OQetermination of Lifetime Healtnh Advisory

0.105 mg/L = Drinking Water Equivalent Level (DWEL):

0.2 = Assumed Relative Source Contribution (RSC) if actual
data are not available.

i
in

"i"l

actor of 10 to account for egquivocal
i hemicals.

0
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C. QUANTIFICATION OF CARCINGGENIC POTENTIAL

The carcinogenic potential of RDX nas been evaluated in Fischer 344 rats
(Levine et al., 1983), Sprague-Oawley rats (Hart, 1976) and 36C3F1 mice (Lish
et al., 1984). ROX was not found to be carcinogenic when fed to the rats (totn
strains). However:;it was found to produce significant compined hepatocallular
adenomas/carcinomas in B88C3FL female mice, ROX is classified Group C

Pessible Human Carcinogen.

RUOX was not found to be ancogenic in male ana female Sprague-Dawiay rats
fed RCX in the diet at doses of 1.0, 3.1, or 10 mg/xg/day far 24 months {Hart,
1376},

VI[-9
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Lavine et al. (1983) evaluated the carcincgenicity of R2X in male and
famala Fischer 244 rats fad dosas of 0.3, 1.3, 8.0, or 10,3 ng/<g/day 20X for
24 montns. The major toxic effacts obsarved included anemia with secondary

splenic lesions, hepatotoxicity and urogenital lesfcons. Based on adverse

systemic effects at 1.5 mg/kg/day, the MTD was achieved.

Lish et al. (1984) evaluated the incidence of tumars in groups of R85 male

and femala B6C3FLl mice fed doses of 1.5 0, 35.0

o ¥ ad
, sy Ud

Jkg/day RDX for 24

o
- “J

months. The incidence of hepatocellular carcinomas and adenomas combined was

RDX/kg (14.1, 18.8, and 19.4%, respectively) wnen compared to concurrent {1.5%)
or historical {7.9%) controls, These findings were considerad to be compound-
related in females., Historically, the incidence of combinedﬂhepatoce11u1ar
adenomas and carcinomas in untreated male B6C3F1 mice is 31.%% as compared to
7.9% for untreated females of this strain (Hasemaﬁ et al,, 1984). 1In addition,
the incidence of hepatocellular adenoma in females receiving 7.0 and 35,0 but

not 100 mg/kg/day was significantly (p <0.05) increased when compared o

histarical controls.

The incidence of combined hepatocellular ademomas and carcinomas in high-
dose males was 48,1% as compared to 33.3% far tne concurrent control group; the
increase was not significant, A nonsignificant increase in alveolar and
bronchiolar carcinomég.was found in high-dose malaes and famales; histocytes
were reportad to be increased in the lungs of high-dose famales, Malignant
lymphema af the kidney was reported.to be slightly increased (nonsignificant)
in males receiving 1.5, 7.0, and 35.0 mg/kg when comparag with concurrant

controls., This finging was not seen in famale mice.

yIT-10
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This study nad some technical flaws which may nave compromisad its
sensitivity to 2valuate gncogenicity, The nigh-dose was lowared from 175
mg/kg/day to 10C mg/ﬁé/day during week 11 due to high mortality in both saxes.
This mortality substantially reduced the number of high-doée animals, The RDX
used contained 3 to 10% HMX, The increase in hepatocellular adenaomas or
carcinomas were not significantly (p >0.05) increased (when compared to

concurrent controls) in dosed females when analyzed separately but only when

combined,

COSE-RESPONSE DATA (CARCINOGENICITY, ORAL EXPOSURE)

Tumor Type -- liver
hepatocellular carcinoma
and adenomas (combined)

Test Animals -~ mice/B6L3Fl/females
Route =-- diat/oral

Reference -- Lish et al, (1984}

Dose
- Human=*
Administered Equivaient Tumor
(mg/kg/day) (mg/ka/day) lncidenca
0.0 3.0 1/65
1.5 .0.13 5/62
7.0 .58 §/64
35,0 2.9Q 12/64
100.0 8.30 6/31

* Aqministereé dose & (70 kg/.040 kg).33

——

The numan equivalent dose was determined using a standard surface area

carrection facter. The animal study dose is divided by the ratio of the numan

amtabm T lim)l ma pla mariem uadrms L AN L el aadmad - T A% Am
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dose data was not usad in the slope factor calculation siace it was Tawerad

=om 175 mg/ka/day to 100 mg/kg/day during week 11, The unit risk should not

Yil-11
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tne slope factor may differ from that stated.

SUMMARY OF RISK ESTIMATES

Without Hignh-dose

Oral Slope Factor (mg/kg/da_y)"1 1.1E-1
Drinking Water Unit (ug/L) Risk - 3.1E-8
Extrapglation Method Linearized Multistage

e modys oo

Drinking Water Concentrations at Specific Risk Levels:

Risk Level Concentrations i.g/L)
g=4 (1 in 10,000) 30.0
-5 (1l in 100,000) 3.0
g-6 (1 in 1,000,000) .3

-The multistage model was used for high-to-low dose eﬂtrapo1ation {Crump
and Watson, 1979; Howe and Crump, 1982). Global83 was used to fit the data in
the experimén;al dose range and to obtain upper 95% confidence limits on risk.
The multistage model conforms to a biological model of tumor initiation and
promotion (Crump et al., 1977) and provided an adequate fit to the dose-response
data for RDX. The reilationship of the concentration {wg/L) of a chemicai in
drinking water to cancer risk is expressed as follows:

35000 x R = C
ar

Whera:
3nr = {mg/kg/aay)'l, human slope factor

R = (10°4, 10-5, 10°5, ete.)

fil=12




]

- =-Concantration of chemical in ug/L.

conversion factor for mg to .g and exposure
assumption that a 70 xg adult driaxs 2L of water/gay

35000

UISCUSSION OF CONFIDENCE {CARCINOGENICITY, ORAL EXPQSURE)

There are three animal bicassay studies to evaluate the carcinogenic
potential of RDX. B8oth well conducted rat studies (Fischer 344 rat and Sprayue-

e vl

Oawley rat) were cleariy negative. The RUX was found to be carcinogenic in

the female 86C3FL mice. This study had some previously discussed technical

pronplems but is clearly positive for liver carcinomas and a

SF

enamas caombined.

QTHER CANCER RISK MCDELS -

For comparison purposas the drinking water concentration associated with
an excess cancer risk of 10°6 was 0.3 uy/L for the One-nit model. The
drinking water concentrations associated with an excess cancer risk of 10-6
for the other models (Multihit, Logit, Probit, and Weibull) were all
<0,002 ug/L. The estimates for these models were calculated witn RISK31

(Kovar and Krewski, 1981).

Y11=13
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The thresnold limit value (TLY) for RDX recommended by tne American
Confarence of Government lndustrial Hygienists is 1.5 mg/m3 (notation sxin)
{ACGIH, 1986}, and the snort-term exposure iimit (STEL) is 3 mg/m3. QSHA nas

also recommended a TLV of 1.5 mg/m3 (National Researcnh Council, 19382).

Schneider et al. (1978) suggested an ingestion limit of U.l my/ky/day or 2

to 3 ppm in potable water.

In 198U, the United States Army Medical Bicengineering Research and

Deveiopment Laboratory recommended an ROX limit of U.U3 mg/L in drinking wa

[ ¥8]

R =Yal
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as an interim standard (Mational Research Council, 1982);
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Ch. AMALYTICAL METHQUS

puplished metnods faor analyzing RDX fall {nto two 3road cateyories:
analysis of pulk material and trace analysis. Volumetric metnods involving
reduction, nydrolysis, or acid-base titrations are used for bulk analysis.
Methods for analyzing trace quantities (below lU ppm} of ROX include tne
‘following: thin-1ayer chromatography (TLC), high-pressure liquid chromatography

(HPLC), gas-liquid chromatography (GLC), and single-sweep polaroyraphy.

Polarograpny has a detection limit of 0.0% mg/L for RDX, an analysis time
of approximately S minutes, and reproducibility of = lU%. However, metal ions
and some anions can interfere with the analysis. Since these interferences
have not been complete]y characterized, polarography is not routinely used for

RUX analysis (Wnitnach, 1976, as cited in Sullivan et al., 1979).

Since the detection limit for RDX using TLC is 2% mJ)L for direct
determination (Leach and Hash, 1972, as cited in Sullivan et al., 1979), TLC is
generally not used for quantitative determination of RDX (Sullivan et at.,
1979)., TLC may be useful for qualitative identification of RDX when it is

present in mixtures with other munitions components (Sullivan et al., 1379).

GLC is one of the two preferred analytical techniques for determination of
RDX at low concentrations {below 10 ppm). FEach of the GLC methods invoives
extraction of ROX into a solvent prior to determination. Hoffsomer et al.
(l977, as cited 1n43ullivan et al., 1979) extracted RDX wizn Denzeneg/acetone
followed by GLC determination using an electron capture {Z{) cetector; zne
detection limit for thne method is U.0U2 ppm. Jain (L1375, as c¢izeq in Sulliivan
at al., 1979) used benzene as tne axtraction sgivent and eitner an 2C or 2

P

flame ionization detector (FIU); tne detaction limit w~as J.U3 pem. Sullivan

[X=1
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ar 3. L3777, a5 sitaq o duiliwaen 2mo3r., L3790 ased 2Ty 2C2Tal3 IS hE
axtraction salvent and eitner £C or an alkaline earth FID; the detection 1imizis

wera J,U09 ppm for water samplas and U.2 ppm for sadiment sampiaes. OCne

(e.g., HMX) that may bDe present in the same samnple cannot bSe codetermined

(Sultivan et al., 1979).

HPLC methods would appear to be tne methods of choice for detection of VX

' ions. Even though the detection 1imits are not quite as low

for HPLC (0.05 to U.4 ppm) as for GLC (U.0U2 to U.2 ppm), advantages incluae

low operating temperatures and determination of RDX with less volatile components.
The HPLC methods nave the following features in common: solvent extraction, an
agqueous methanol mobile phase, and use of an ultraviolet (UV) detector, Halg

et al. (1978, as cited in Sullivan et al., 1979) obtained a detection limit of
3.05 ppm for RDX in both soil and water samples using ethér axtraction, a mcbjlﬁm\
phase of 3U% methanol in water, Zorbax-00S stationary phase, and detection at. )
230 nm. Spanggord et al. (1978, as cited in Sullivan et al., 19793} determined

ROX levels in “load, assemble, and pack" (LAP) wastewater using a mobile phase

of 60% methanol:40% water and a stationary phase of M-8ondapak Ljg; detection

od Vi.al
Ll IW)
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1imits were 0.4 ppm at 254 nm end 0.2 ppm at 210 nm. L977)

—

determined RUX in wastewater from the Holstan Army Ammunition Plant fatlowing

etate. A mobile phase of 40% metnanol:60% water was

extraction with ethyl

Tfde TY R war LS A ]

Y
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used with a statignary phase of Partisii 1U-UDS; the detection limit was U.0%
ppm at 230 am. HMX was determined concurrently with a detection limiz of Q.09

Ppm.
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X, TREATMENT TECHNCLOGIES

Moss and Chyrek_{1384) studied tne degradation of RDX using ulnravioier
“‘radiation, nydrogen peroxide addition, and ultrasound cavitation., Hydrogen
cercxide alone had no effect on muniticns degradation. Simitarly, ultrasound
cavitational proceéses yielded no benafit when used alone ar when combined with
other treatments, Hydrogen peroxide applied at initial concentrations less
than 0,U1% enhanced RDX decompasition oy ultraviolet photolysis, During treat-

ment with ultraviolet radiation in combination with 0,31% hydrogen peroxide,

ROX (18.9 mg/L) was deyraded rapidly (half-life = 8.0 minutes).

The usa of an ultraviolet lignht-nydrogen peroxide system for treatment of
RDX i~ wastewater was studied by the Naval weapons Suppart Center (ESR, 198%),
RDX and its organic reaction products were completely destroyed using a system
with 0,05 to 0,15% hydrogén peroxide and a minimum of 10 mégawatt-minutes of
Ttraviolet light at 254 nm/mole of explosive. Kubose and Hoffsommer (1977,
as cited in Sullivan at al., 1979) have shcwn that concentrations of 20 to
40 my RDX/L in aqueous solution could be reduced 98% Dy photolysis using the
full spectral output from a medium-pressure mercury vaporriamp (220 nm to

1367 nm) with irradiation periods of 15 seconds,

Kubose and Hoffsommer (1977, as cited in Sullivan et al., 1979) have
indgicated that strongly basic ion exchange resins may be a potential single-
step wasta treatment ﬁéthod for the degradation of ROX. This process *nvoives
R0OX adsorpticn onto the resin and reaction with quaternary ammenium hydroxide,

Suliivan et al. (1979) commented that this procadure is only feasinla for

agueoiis solutions that nave fa‘rly low acid and/or anion concentr

y
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Chemical oxidatien using potassium dichromate, potassium permanganarte, or
calcium nypochicrate witl cestroy nitramines. Jackson et at, (1976, as citad
in Sullivan et al., 1979) found that concentrations of Ca{d€i)y, XpCrpd7, or

KMnOq at 1,000 mg/L completely oxidized 50 mg ROX/L within 72, 48, or 24 nours,

.

respectively.

Chemical coagulation using 1ime was also studied by Jéckson et al, (1978,
as cited in Sullivan et al,, 1979). Ninety percent RDX removal was achieved.
using a 500-mg/L iime dose. Castorina et al. (1977, as cited in Sutlivan et al.,
1979) have cautioned against the use of polymer fiocculants because of

incompatibilities with ROX.

Jackson et al. (1976, as citad in Sullivan et al,, 1979) reported that

complete adsorptive removal of ROX (1.5 to 12 mg/L) was achievad using activated

-/

charcoal and Rohm and Haas XAD-2 resins., Activated carben was found to

be superior to resin at a nydraulic loading of 1U gpm/ft3. Viahakis (1974, as
cited in Sullivan et al., 1979) found that activated carbon nad a capacity of
125 mg ROX/g carbon for RDﬁ alone and 76 mg RDX/g carbon when in the presence
£ TNT

-
S N} @

Nata regarding aerobic microbiological degracation of DX are mixed.
Pilot plant studies by Green (1972, as cited in Sullivan et 21,, 1979) suggested
that ROX could De at least partially degraced Dy aquatic micrafiora. Green was

able to remove 42% of the ROX from manufacturing wastas usi~g an achivatsd

(1973)

McCormick at al. (1981) reportea that R0X is biodegracea under anaarobic

conditions, yielding the fcllowing products: hnexahydro-l-n7<r9s50-3,5-dintro-




Myde3=Irtazing; nexanyarc-l,3-271110080-3-112r0-1,3,3-2r71 320083 ARX aNyGro=L,3,3="

trinitroso-l,3,5-triazine; nydrazine; 1,l-dimethylnydrazine; 1,2-dimetnylnydra-
zine; faormaldehyde; and metnanol., Jackson et ai. (1976, as citad in Sullivan at
al., 1979) achieved i00% removal of RDX by anaerobic fermentation from waters
cantaining 50 mg RDX/L in conjunction with supplemental carbon sources: sucrose,
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Al. CONCLUSIONS AND RZCOMMENDATIONS

3ased on the_;vailaoie animal data and on adverse effects on the central
nervous system of monkeys administered RDX by oral gjavage for éO days, tne
Longer-term HA for a 10-kg ﬁhild has been determined to be 0.1 mg/L {100 wg/L;.
In the absence of adequate animal data to determine a One-day or Ten-day Healtn
Advisory, the Longer-term HA for a 10-kg child, 0.1 mg/L (100 ug/L), is used
as a conservative estimate of the One-day or Ten-day HA., The Longer-term HA
for a 70-kg adult was determined to be 0.35 mg/L (400 wug/L). A Lifetime HA
of U.002 mg/L (2 ug/L) for a 70-kg adult has been determined, Dased on &
Orinking Water Eguivalent Level (ODWEL) of 0.100 mg/L (100 wg/L). The DWEL 1is
based on a Reference Dose of 0.003 mg/kg/day where the effect was suppurative
inflamation of the prostate of male rats fed RDX for 2 years. Basad on the
study by Lish et al. {1984), RDX is classified as Group C; Possible Human
Carcinogen. The éla_sificaii-nlof ROX in EPA Group C is hased upon limited
animal data. A guantitative cancer risk assessment, based on the limited
animal data, is provided to support selection of the uncertainty factors for

the recommended lifetime HA.
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A comparison report "Data Ceficienctes/
for Additional Data Base Development for ROX" (Appendix A) summarizes the scope
of existing data reviewed for this HA. This comparison regort delineatas tne
areas where additiggal data and/or a ciarification of existing data ~ould pe

appropriata.
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APPENDIX A

Data Deficiencies/Propiem Areas and Recommendations
for Additional Data Rase Development for RDX
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CATA 3AST DEVELOPMENT

UBJECTIVES

The objective of this document is to provide an evaluation of data defi-
ciencies and/or problem areas encountered in the review_process for RDX and to
make racommendations, as appropriate, for additional data base development.
This document is presented as an independent analysis of the current status of
RDX toxicology, as related to its possible presenée in drinking water, and
includes a summary of the background information used in development of the

Health Advisory (HA). For greater detail on the toxicology of ROX, the Health

Advisary on RDX shcould be consulted.

8. BACKGRCUNMD

B-triazine (RDY) ic a white crystalline salid
2t has been extensively used in military munitions formulations., (it is
relatively insoluble in water but can be expected to be found in wastewater
from RDX-manufécturing operations. ROX can be removed from watar hy the use of

ion exchange resins or charcoal and can be decompased by ultraviolet photolysis

in the prasence of hydrogen peroxide, It can be biodegraded by anaerobic

fermentation (Sullivan et al., 1979).

The pharmacokinetic properties of RDX nave been axtensively studied in
rats. Schneider at al. (1977, 1973) found that, in rats, R0X was complataly
absorbed via the oral route and the ratz of absorption was derarmined by tre
fineness of tne powder in the slurry admin*stered.A The rate of
yastrointestinal absorption fn rats is faster than that ‘n minfartyre swine or
sumans: in rats, peak plasma levels are reached in 2 to 3 hours, whereas in

swine and propably in humans, plasma levels peak approximataly 12 hours afzer
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20sing. ACscrded A0X s rapidiy clearad from the plasma ang 3°stridutad t2

tissues. when drinking watar safturated with ROX (7.3 mg/L} was affared to rars

e

-

for 30 days, there was no actumu1ac50n of ROX in the tissues, The nalf-liyes

of clearance of RDX from pltasma are of a similar order of magnizude in rats ard
humans. The ty,2 was 10.1 hours in rats (Schneider et al., 1977) and was 15.1
‘hours in the one available numan study (Woody‘et al., 1986), RDX is metabolized
by the liver, and its metabolites are excreted primarily in the urine, The

metaboiitas have not been identified and characterizad.

.In humans, the toxic effects of_RDx have been an the central nervous system
(CNS). Exposure of workers in a munitions plant via innhalation of dust con-
tainingARDx has resulted in nausea, irritability, convulsions, unconciousness,
and amnesia {Kaplan et al., 1965). Military persannel have heen exposed to R0DX
while burning composition C-4 explosive in the field to heat food; inralation
of the smoke resuited in c¢lonic/tonic convuisions (Ketel and Hughes, 1972;
Hollander and Colbacn, 1969), Ingestion of RDX has caused similar (NS effects
1 985, 1986).

1 a blmmed,s ad = 1
ey RJT, AUUUY BL Qle,y <

Acute toxicity studies by Cholakis et al, (1380) indicated oral LDgg values
of about B8U mg/kg in mica and 118 mg/kg in rats. I[ntravenous adminisztration of
single doses of RDX to beagle dogs caused convulsigns and death at a dose of 40
mg/xg, cantral nervous system hyperactivity and nonletha! convulsions at a dose

of 2U mg/kg, and decreased dlood pressure and erratic electroenceghalograpnic
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Subchronic 90-day feeding studies n mice and rais indicaze affacts on Ire
51ood and liver, I[n doth sexes of mice, increased Tiver weignns wera gbsarved

in groups recetlving 320 my/kg/day, and anemia was seen in males receiving 140
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ak's et al., 1980). 1In rats, anemia was cbserved at a dose leval
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arf 23 mg/kg/day rmatest (Chalakis et al,, 198C), ang ‘neraased iiver weignt

435 saen at a dose lavel of 100 mg/kg/day in females [Lavine et al., 1981}, I~

- . l0-cay oral gavage study in mankeys, vomiting and corvulsions occurrad in

five of six animals at lU mg/kg/day, but no central nervous system effects were

seen at 1 mg/kg/day (Martin and Hart, 1974},

Lifetime feeding studies in rats and mice produced CNS effects, increased
mortatity, weight loss, anemia, hepatotoxicity, remal toxicity, testicular
degeneration, and inflammation of the prostate. I[n maie and female rats fed
RDX in the diet at a level to‘give a daily intake of 40 mg/kg, tremors and
canvulsions, increased mortality, and enlargement of the liver were absarved.
Anemia and enlargement of the kidneys accompanied by histologic changes were
also found iﬁ males reﬁeiving 40 mg/kg/day. Inflammaticn of the prostate was
found at 1.5, 8, and 40 mg/kg/day; no effects were noted at ‘a dose of 0.3

“/kg/day (Levine et al., 1983). In a study in mice by Lish et al. (1984),
nereased mortaiity was seen in the first 10 weeks of the study when mice
received 17% myg/ky/day. The h%gh dose was reduced to 100 mg/kg/day. DNecreaased
weight gain was seen in females receiving RDX at 100 mg/kg/day between 10 weeks
postadministration and study termination. Increased liver weights were found
in males and females receiving 100 mg/kg/day. The males réce*ving 35 gr 100
mg/kg/day exhibited testicular degeneration. No important toxic effacts were'

found at 7 mg/kg/day.
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et al., 1477). It yave negative resuits in the dominant-letral test (Cholakis

at al,, 1980) and in an unscheduled ONA syntnesis assay (Dillay ar al,, 1973},

ROX was not carcinogenic in rats {Lavine et al,, 1983; Hart, 1877), In

C3iFy mice, a significant increase was observed in the inciderce of
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tenat3C2ilul i larcincmas ing igenomas (CSmbDined; 14 T#maies rec2viag L, SE,
or UG mg/ky/day for 2 years. However, mortality in mice receiving tne nignesc,
dosa was excassive, and tne dose was lowerad from 175 to 100 mg/kg at weex ll.

ROX 'is classified as Group C: Possible Human Carcinogen.

In a two-generation reproduction study in rats, decreased fertility was
observed at 50 mg/kg/day. Developmental effects (decreased pup weights) were
seen at 16 and 50 my/kg/day; no effects were observed at 5 mg/kg/day (Cnolakis at
al., 1980). ROX was found to be embryotoxic in rats at 20 mg/kg/day (Cholakis
et al., 1980; Angernofer et al., 1986} but was not fbund o De teratcgenic. In
a study in rabbits, RDX caused maternal toxicity at 20 mg/kg/day, and there was
suggestive evidence for a teratogenic effect at 2 and 2U mg/kg/day (Cholakis

et al., 1980).

Based on the findings in these studies, One-day and an-dgy HA values
were establisned at 0.l mé/L, aﬁd the Longer<term HA value was established i
for an adult at 0.35 mg/L (400 wg/L). The Lifetime HA for an adult is 0,002
mg RDX/L (2 wg/L). |

Methods of chemical analysis utilizing extraction and gas-liquid
chromatography reviewed by Sullivan et al. (1979) are adequate for detection of
ROX at low concentration in water. RDX in wastewatar can bDe degraded by
ultraviolet irradiation in the presence of hydrogen peroxide (ESB, 1983).

Jther methods using-ion exchange resins or cnarcoal have been reviewed by

Sullivan et al, (1979).
C. JISCUSS IUN

Availaple data on the pharmacokinetics, healtn effects, analysis, and

traatment of 20f nave neen reviaswsd. /
.//
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Pharmacokinetic studies in rats indicarte that R0X s effactivaely absorbed
"ia the oral route, angd it is rapidly metapolized and excretad. 2wvaiiadbla z2aza
" *ndicate that the rate of clearance n humans s approximataly of the same

order of magnitude as that in rats. Further studies in animals are uniikely o

yield additional data pertinent to the development of HA values.

Availaple acute toxicity studies of ROX include oral LDgps in mice and

el V. ET] 1;.-

ats and a study

1 dogs using the intravenous route, in which a LOAEL for |

nonlethal CNS effects was established but a NOAEL was not achieved. Six longer

term stuéies (90 days) were available in mice, rats, dogs, and monkeys. In

five aof these studiss, LOAELs and NOAELs were established for various endpoints:

CNS effects, anemia, liver weight changes, and histologic effects on the liver.

Three 1ifetime studies were available, two in rats and one iq mice; LOAELs and

. NDAELs were establisned. Additional short-term, longer terﬁi and lifetime

udies are not likely to be pertinent in development of HA values. A
carcinogenicity study in mice was flawed because the high dose exceeded the

| maximum tolerated dose (MTN) and was lowered from 175 to 100 mg/kg/day at 11

weeks, Although mortality was high at this dose, sufficient animals were

availabie to assess carcinogenicity (Lish et al., 1983), There was a carcinggenic
response, but time-to-tumor could not be analyzed from the available data. The

animals with hepatocallular tumors could be identified from individual animal

histopathology tables, but the identification numbers for histopatrology 474

ngt correspond with the animal numbers on the disposition tahulation,

A two-generation reproduction study and saveral mutagenicity stutias wera

[ Y B
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test in a sykaryotic microorganism with and without activation and 2 test for

romosome aberrations anag sister chromatic exchange would fulfill <nis zata



gap. Twa studies on cevelopmental zaxicity in rats were availanle that
indicatedq embryotoxic, sut not teratogenic, affacis, A study in rabhizs

(Chelakis at al

Pt + &

1980)

qava racylre that cug
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t! gssible terato
response, Cleft palate was seen on soft tissue analysis of fatuses from dosed
females, However, it was not recorded on gross examination or found in the
fetuses examined for skeletal anomalies. [t is recommended that a teratology
study be repeated in rabbits using 20 pregnant dams/dose group to reevaluate

the teratogenic potential of RDX,

The mathods for analysis of R0X in wastewater appear tg he adequata to
detect levels that may be considered hazardous to health., The methods of

treating RDOX-¢ontaminated water appear to he adequate,
E. CONCLUSIONS/RECOMMENDATIONS

Based on the above discussion, the following conclusions/recommendations

can be made:

1. The available studies on RDX toxigity are generaliy considered
adequate for development of Health Advisories usefuyl in daaling with

the potential contamination of drinking water,

2 I+t 12 racammandad t*hat a taratalnay erudy i ranpite ha ramoatrad
i 18 recommandeq that a2 Learalglogy stud 'n rabpotts Je repeatedqd.

Additional! genotoxfcity studies in eukaryotes and a test for chromosome

aberrations ara recommended to fi11 data gaps in genotoxicity.

3. Adaitieonal carcinogenicity higassays should te gonsizarad tg clarify

the carcincgenic potential of ROX,
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